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Abstract 
 
Alison Campbell: Platinum(II) Catalyzed Diene Cyclizations 
(Under the Direction of Michel R. Gagné) 
  
The development of a new ligand system for Pt(II) catalyzed diene cycloisomerizations 
was investigated.  Deconstructing the tridentate (triphos)Pt(II) first generation catalysts into a 
mono- and bidentate phosphine combination (P2P) led to the preparation of chiral catalysts 
which efficiently converted 1,6- and 1,7-dienes into [3.1.0] and [4.10] bicyclic products.  
When the bidentate phosphine was either xylyl-BINAP or SEGPHOS, enantio-ratios up to 
98:2 were observed.  The catalyst resting state was compared to the first generation catalyst 
as well as the second generation achiral dppm/PMe3 catalyst.  An X-ray structure of the 
precatalyst led to a proposed diastereofacial coordination preference.  Additionally, the 
consequences of using a P2 rather than a P2P ligand array were examined and found to affect 
the stereochemical outcome and the diastereoselectivity. 
Efforts to trap the cationic intermediates generated in the 1,6- and 1,7-diene 
cycloisomerizations discussed above led to the surprising observation that in situ generated 
[(BINAP)(PMe3)Pt][BF4]2 reacts with benzyl alcohol at room temperature to yield 
[(BINAP)(PMe3)Pt-H][BF4] and benzaldehyde.  This reactivity contrasts similarly ligated 
platinum-alkyl species which are stable to β-H elimination even at elevated temperatures.  
iii 
 
Protonolysis of the platinum hydride leads to a species that is readily substituted by weakly 
coordinating ligands (e.g, acetone, pentafluorobenzonitrile).   
Finally, the mechanism of a Pt-dication catalyzed oxidative cyclization of dienyl 
alcohols has been investigated.  Activation of the least substituted alkene in the substrate 
initiates a reversible cyclization cascade to generate a Pt-alkyl which has been identified and 
isolated.  Reversible β-H elimination produces a putative olefin/hydride intermediate.  
Although the hydride has not been directly observed, it has been both trapped with 
norbornene and observed directly in model compounds.  Finally, hydride abstraction from the 
Pt-hydride intermediate and product release turns the catalytic cycle over; in model 
complexes this step was demonstrably rapid.  Pentafluorobenzonitrile was found to 
profoundly affect the system by stabilizing a catalytic intermediate thus preventing the 
formation of a catalytically inactive π-allyl while also providing a means to intercept and 
study a catalytically relevant intermediate. 
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Chapter 1 
Cation-Olefin Cyclizations: Inspired by Nature 
 
1.1 Enzymatic Polyolefin Cyclizations 
One of the most impressive biochemical transformations is the enzyme-catalyzed 
cyclization of triterpenes, a reaction found in organisms ranging from simple microbes to 
plants and animals.1
1
  The efficiency, selectivity and specificity with which enzymes carry out 
polyene cascade cyclizations are to be envied by the most skilled scientists.  One enzyme 
class of note is the family of cyclase enzymes that convert squalene (and squalene 
derivatives) to hopene (and other polycyclic products). a  The power of these reactions is 
exemplified by the various architecturally different products that enzymes can make from the 
common precursor squalene (Scheme 1.1).  In plants, animals and fungi, squalene is 
enantioselectively epoxidized by squalene epoxidase to afford (3S)-2,3-oxidosqualene.  
There are numerous oxidosqualene cyclases, each capable of generating unique natural 
products including lanosterol, cycloartenol and β-amyrin.  Epoxidation of squalene prior to 
cation-olefin cyclization does not occur in bacteria; instead, squalene-hopene cyclase 
catalyzes a highly selective polycyclization initiated by proton transfer to the alkene at the 
terminus (Scheme 1.1).   
                                                          
1. (a) Wendt, K. U.; Schulz, G. E.; Corey, E. J.; Liu, D. R.  Angew. Chem. Int. Ed.  2000, 39, 2812-2833.  (b) 
Abe, I.; Rhomer, M.; Prestwhich, G. D.  Chem. Rev.  1993, 93, 2189-2206.  (c)  Yoder, R. A.; Johnston, J. N.  
Chem. Rev.  2005, 105, 4730-4756. 
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The biosynthetic pathways involved in polyene cyclizations have been well studied, and 
it is evident that tight enzymatic control of the substrate is a requirement for the highly 
selective formation of products.  A large number of cyclic products are energetically 
competitive from a cationic reaction of a polyolefin because formation of a 6-membered ring 
by intramolecular olefin addition to a carbocation is exothermic (ca. -20 kcal/mol) and has a 
low barrier to activation (ca. 1 kcal/mol).2
                                                          
2. Jenson, C.; Jorgensen, W. L.  J. Am. Chem. Soc.  1997, 119, 10846-10854. 
  The comparison of lanosterol and hopene 
(Scheme 1.2) illustrates the consequences of the enzyme-imposed substrate conformation.  
While squalene-hopene cyclase allows for an all chair conformations of squalene, 
oxidosqualene-lanosterol cyclase enforces a chair-boat-chair conformation prior to epoxide 
ring opening.  In both cases, a stereospecific cascade cyclization results, although the latter 
undergoes a series of methyl migrations prior to lanosterol release.  The transformation of 
Scheme 1.1 
 
3 
 
polyenes to stereoselective cyclic products is achieved by pre-organization within the 
enzyme cavity followed by a series of cation-olefin reactions to selectively form new C-C 
bonds and, for the squalene-hopene transformation, results in five new rings and ten set 
stereocenters, a great increase in chemical complexity (Scheme 1.1). 
 
1.2 Biomimetic Cation-Olefin Reactions 
The development of biomimetic polyolefin cascade reactions is a particularly 
challenging problem in reaction design.1c  The efficiency, specificity and selectivity with 
which cyclase enzymes prepare complex cyclic terpenes from polyene precursors have 
motivated efforts to develop similarly powerful synthetic methodologies.  Attempts at 
achieving enzyme-like selectivities have focused on protonation with Brønsted acids,3 
ionization with Lewis acids,4
                                                          
3. (a) Johnson, W. S. Acc. Chem. Res. 1968, 1, 1-8.  (b) Johnson, W. S. Angew. Chem., Int. Ed. 1976, 15, 9-17.  
(c) Corey, E. J.; Lee, J. J. Am. Chem. Soc. 1993, 115, 8873-8874.  (d) Corey, E. J.; Lin, S. J. Am. Chem. Soc. 
1996, 118, 8765-8766.  (e) Corey, E. J.; Wood, H. B. J. Am. Chem. Soc. 1996, 118, 11982-11983.  (f) Johnson, 
W. S.; Bartlett, W. R.; Czeskis, B. A.; Gautier, A.; Lee, C. H.; Lemoine, R.; Leopold, E. J.; Luedtke, G. R.; 
Bancroft, K. J. J. Org. Chem. 1999, 64, 9587-9595.  (g) Mi, Y.; Schreiber, J. V.; Corey, E. J. J. Am. Chem. Soc. 
2002, 124, 11290-11291. 
 
4. (a) Nakamura, S.; Ishihara, K.; Yamamoto, H. J. Am. Chem. Soc. 2000, 122, 8131-8140.  (b) Ishihara, K.; 
Ishibashi, H.; Yamamoto, H. J. Am. Chem. Soc. 2002, 124, 3647-3655. 
 and even addition of Hg+2 to polyolefin starting materials (eqs 
Scheme 1.2 
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1.1-1.3).5  The greatest challenge to overcome with nonenzymatic polycyclizations is 
controlling the diastereo- and enantioselectivity of the cyclization products.  While enzymes 
enjoy the ability to direct the cyclization of polyolefins, nonenzymatic processes have 
struggled to achieve stereocontrol in similar reactions.  A limited number of asymmetric 
methods exist for the cyclization of polyolefins and include the chiral Brønsted-Lewis acids 
(BLA) of Yamamoto (eq 1.4),6 the halocyclization of polyprenoids by Ishihara (eq 1.5),7 and 
the recent TiCl4/chiral N-acetal promoter by Loh (eq 1.6).8
 
 
                                                          
5. (a) Hoye, T. R.; Kurth, M. J. J. Am. Chem. Soc. 1979, 101, 5065-5067.  (b) Nishizawa, M.; Takenaka, H.; 
Hayashi, Y. J. Org. Chem. 1986, 51, 806-813. 
 
6. (a) Ishibashi, H.; Ishihara, K.; Yamamoto, H. J. Am. Chem. Soc. 2004, 126, 11122-11123.  (b) Kumazawa, 
K.; Ishihara, K.; Yamamoto, H. Org. Lett. 2004, 6, 2551-2554.  (c) Grütter, C.; Alonso, E.; Chougnet, A.; 
Woggon, W.-D. Angew. Chem., Int. Ed. 2006, 45, 1126-1130.  (d) Uyanik, M.; Ishihara, K.; Yamamoto, H. 
Org. Lett. 2006, 8, 5649-5652. 
 
7. (a) Sakakura, A.; Ukai, A.; Ishihara, K. Nature 2007, 445, 900-903.  (b) Sakakura, A.; Ishihara, K. Chim. 
Oggi 2007, 25, 9-12. 
 
8. Zhao, Y.-J.; Loh, T.-P. J. Am. Chem. Soc. 2008, 130, 10024-10029. 
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In the absence of an enzyme active site, the stereo- and regiochemistry of cation-olefin 
reactions are necessarily controlled by the relative energies of polyene conformers in 
solution.  The Stork-Eschenmoser postulate describes the basis for diastereoselectivity in 
cation-olefin reactions and states that the stereochemistry of a ring juncture is determined by 
the geometry of the alkene from which it was formed (Figure 1.1).9
 
  For terpenoid structures, 
this leads to trans-anti-trans relative stereochemistry from a series of 6-membered chair 
transition states to construct the polyene structure (Figure 1.2).  
                                                          
9. (a) Stork, G.; Burgstahler, A. W.  J. Am. Chem. Soc.  1955, 77, 5068-5077.  (b) Eschenmoser, A.; Ruzika, L.; 
Jeger, O.; Arigoni, D. Helv. Chim. Acta 1955, 38, 1890-1904. 
 
Figure 1.1.  Stork-Eschenmoser postulate. 
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1.3 Platinum(II) Initiated Polycyclizations 
An alternative to BLA catalysts and reagents is the use of transition metal catalysts.  In 
particular, electrophilic group 10 metals are well-known to activate olefins towards 
nucleophilic addition.10,11,12  Contrasting soft Lewis acids like Hg(II) and Ag(I) is the unique 
preference of group 10 metal complexes (e.g., Pt(II) and Pd(II)) to coordinate/activate the 
least substituted alkene.13
12
  Of particular interest was a report by Vitagliano and co-workers in 
which a Pt-dication catalyst supported by a tridentate pincer ligand (PNP) catalyzed the 
dimerization of ethylene and 2-methyl-2-butene as shown in Scheme 1.3. a  This system 
both demonstrated nucleophilic attack on coordinated ethylene by a mild carbon nucleophile 
                                                          
10. (a) Hegedus, L. S. In Transition Metals in the Synthesis of Complex Organic Molecules. University Science 
Books: Mill Valley, CA, 1994; pp 199-236.  (b) Hegedus, L. S. In Comprehensive Organic Synthesis, Trost, B. 
M.; Fleming, I., Eds.  Pergamon Press: Oxford, 1990; Vol. 4, pp 571-583. 
 
11. For examples of Pd(II) activation of alkene for nucleophilic attack, see:  (a) Zeni, G.; Larock, R. C.  Chem. 
Rev. 2004, 104, 2285-2309.  (b)  Beletskaya, I. P.; Cheprakov, A. V.  Chem. Rev.  2000, 100, 3009-3066.  (c) 
Hahn, C.  Chem Eur. J.  2004, 10, 5888-5899.  (d) Minatti, A.; Mũniz, K.  Chem. Soc. Rev.  2007, 36, 1142-
1152.  (e) Michael, F. E.; Cochran, B. M.  J. Am. Chem. Soc.  2006, 128, 4246-4247.  (f) Michael, F. E.; 
Cochran, B. M.  J. Am. Chem. Soc.  2008, 130, 2786-2792.  
 
12. For examples of Pt(II) activation of alkenes for nucleophilic attack, see: (a) Hahn, C.; Cucciolito, M. E.; 
Vitagliano, A. J. Am. Chem. Soc. 2002, 124, 9038-9039. (b) Liu, C.; Bender, C. F.; Han, X.; Widenhoefer, R. A.  
Chem. Commun.  2007, 3607-3618 and references therein.  (c)  Karshtedt, D.; Bell, A. T.; Tilley, T. D.  J. Am. 
Chem. Soc.  2005, 127, 12640-12646.  (d)  Brunet, J.-J.; Chu, N. C.; Diallo, O.  Organometallics  2005, 24, 
3104-3110. (e) McKeown, B. A.; Foley, N. A.; Lee, J. P.; Gunnoe, T. B.  Organometallics, 2008, 27, 4031-
4033. 
 
13. (a) Chianese, A. R.; Lee, S. J.; Gagné, M. R. Angew. Chem., Int. Ed. 2007, 46, 4042-4059.  (b) Pizzo, E.; 
Sgarbossa, P.; Scarso, A.; Michelin, R. A.; Strukul, G.  Organometallics 2006, 25, 3056-3062.  (c) Cucciolito, 
M. E.; D’Amora, A.; Vitagliano, A.  Organometallics 2005, 24 3359-3361.  (d) Liu, C.; Han, X.; Wang, X.; 
Widenhoefer, R. A.  J. Am. Chem. Soc.  2004, 126, 3700-3701. (e) Overman, L. E.; Knoll, F. M.  J. Am. Chem. 
Soc.  1980, 102, 865-867. 
 
Figure 1.2.  Cyclization of terpenes through 6-membered chair transition states leads to trans-anti-trans 
ring junctures. 
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and also effectively inhibited β-H elimination from the Pt-alkyl formed upon dimerization, 
thereby permitting the observed 1,2-hydride shift and expulsion of Pt-dication. 
 
Following a similar approach, it was found that (trisphosphine)Pt-dications could cyclize 
substrates such as 1 (Scheme 1.4).14
                                                          
14. Koh, J. H.; Gagné, M. R. Angew. Chem. Int. Ed. 2004, 43, 3459-3461. 
 
  In this system, the Pt-dication coordinated to the 
terminal olefin followed by C-C bond formation.  The tertiary carbocation generated upon C-
C bond formation was trapped by an intramolecular phenol trap.  The weak base was added 
to quench the H+ expelled upon cation trapping.  The resulting cyclic Pt-alkyl (2) was stable 
to β-H elimination because there were no cis coordination cites to provide a low energy 
pathway to hydride migration and protonolysis of the Pt-alkyl was unsuccessful.  However, 
the product could be released by reductive cleavage with NaBH4 to produce 3.  
Scheme 1.3 
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Characterization of 3 revealed that the tricyclic complex had a trans ring juncture.  This 
stereochemistry was consistent with the Stork-Eschenmoser postulate with the E alkene 
giving a trans geometry.  However, two diastereomers of 2 were observed (96:4 dr)15
Contrasting cyclization cascades that rely on an intramolecular trap (e.g. substrate 1), the 
removal of the trap in 1,6- and 1,7-dienes resulted in the catalytic formation of cyclopropanes 
(Scheme 1.5).
 and, 
because a single organic product was formed upon reductive cleavage, the two diastereomers 
must be epimers at the Pt-containing stereocenter.  This suggested that the competing 
transition states during cyclization had chair-chair and boat-chair conformations (Scheme 
1.4).   
16
                                                          
15. The diastereomeric ratio of Pt-alkyls was determined by in situ 31P NMR analysis. 
 
16. (a) Kerber, W. D.; Koh, J. H.; Gagné, M. R. Org. Lett. 2004, 6, 3013-3015.  (b) Kerber, W. D.; Gagné, M. 
R. Org. Lett. 2005, 7, 3379-3381. 
 
 
  Based on deuterium labeling experiments, the mechanism was proposed to 
follow a cyclization cascade that was similar to substrate 1: electrophilic activation at the 
terminal olefin followed by C-C bond formation and carbocation formation.  Without an 
intramolecular trap present, a 1,2-hydride shift followed by cyclopropane ring formation 
Scheme 1.4 
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released the product and regenerated the active catalyst.  Using (PPP)Pt+2 as a catalyst, 1,6- 
and 1.7-dienes were converted to [3.1.0] and [4.1.0] bicyclopropanes in moderate yields.  
 
An alternative to cyclopropanative catalyst turnover (Scheme 1.5) or the use of 
stoichiometric platinum for the cyclization of dienyl alcohols (Scheme 1.4) was employing a 
bidentate rather than tridentate phosphine on platinum.  This enabled β-H elimination from a 
Pt-alkyl intermediate by opening a cis coordination site and allowing for release of an 
oxidatively cyclized product (Scheme 1.6).17
                                                          
17.  Mullen, C. A.; Gagné, M. R. J. Am. Chem. Soc. 2007, 129, 11880-11881. 
 
  Conversion of the putative Pt-hydride species 
to the active dication was previously not well precedented.  Traditional M(0) to M(II) 
oxidizing agents such as benzoquinone, O2, CuCl2, etc. all failed for this reaction.  However, 
hydride abstraction by Ph3CBF4 from the Pt-hydride species was found to turn the catalytic 
cycle over.  A more convenient Ph3C+ source was trityl methyl ether (Ph3COMe) which 
generated Ph3C+ and MeOH upon reacting with the H+ expelled after cyclization.  The 
catalyst generated 4 with complete diastereo- and regioselectivity.  Additionally, the ((S)-
Scheme 1.5 
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xylyl-phanephos)Pt-dication was shown to catalyze the oxidative cyclization and give 
polycyclic products with up to 87% ee.18
 
   
1.4 Research Objectives 
Previous work has demonstrated the ability of Pt(II) to initiate cascade cyclizations in 
poly-olefin substrates through electrophilic activation.  These platinum species have been 
additionally shown to be powerful catalysts which can transform poly-olefin starting 
materials into more complex, polycyclic products.  Central to this investigation was an effort 
to develop more active and selective catalysts through rational catalyst design and detailed 
investigation of mechanistic processes and relevant intermediates. 
The first portion of this work focuses on the development of a chiral catalyst for diene 
cycloisomerizations to form bicyclopropanes (Scheme 1.5).  As shown in Figure 1.3, in order 
to make a modular catalyst which could be easily rendered chiral and tested for 
enantioselectivity, the triphosphine backbone was deconstructed into a combination of a 
mono- and bidentate ligand (P2P).  Such a ligand architecture was proposed to inhibit β-H 
                                                          
18.  Mullen, C. A.; Campbell, A. N.; Gagné, M. R. Angew. Chem., Int. Ed. 2008, 47, 6011-6014. 
Scheme 1.6 
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elimination by blocking cis coordination sites on the metal while allowing for facile, rapid 
screening of various ligand combinations, including chiral biphosphines.  
 
In addition to application in asymmetric catalysis, the platinum complexes containing a 
P2P ligand array showed surprising behavior in the presence of alcohols.  The formation and 
reactivity of a (BINAP)(PMe3)Pt-H+ species were studied and led to a new method of 
generating active Pt-dication catalysts. 
Because Pt-dications are powerful catalysts for the stereoselective synthesis of 
polycyclic products from poly-enes, investigation into the catalytic reaction mechanism was 
warranted.  A detailed mechanistic investigation into the Pt-dication catalyzed oxidative 
cyclization of dienyl alcohols (Scheme 1.6) led to the elucidation and characterization of a 
number of catalytically relevant intermediates.  In turn, this led to significant improvements 
in catalytic protocols.  
 
Figure 1.3.  Deconstruction of a triphosphine ligand architecture into a mono- and bidentate ligand 
combination 
 
 
 
 
 
Chapter 2 
Modular Catalysts for Diene Cycloisomerizations:  
Enantioselective Bicyclopropane Synthesis 
 
2.1 Introduction 
The consumption of unsaturation as a means to drive the formation of new rings is a key 
feature of metal-catalyzed diene and enyne cycloisomerizations.1  In the case of enynes, the 
alkyne’s heightened kinetic and thermodynamic potential can lead to multicyclic products in 
which all of the unsaturation is consumed.2,3
                                                          
1.  Reviews: (a) Trost, B. M. Acc. Chem. Res. 1990, 23, 34-42.  (b) Trost, B. M.; Krische, M. J. Synlett 1998,  1-
16.  (c) Widenhoefer, R. A. Acc. Chem. Res. 2002, 35, 905-913.  (d) Aubert, C.; Buisine, O.; Malacria, M. 
Chem. Rev. 2002, 102, 813-834.  (e) Echavarren, A. M.; Nevado, C. Chem. Soc. Rev. 2004, 33, 431-436.  (f) 
Diver, S. T.; Giessert, A. J. Chem. Rev. 2004, 104, 1317-1382.  (g) Ma, S.; Yu, S.; Gu, Z. Angew. Chem., Int. 
Ed. 2006, 45, 200-203. (h) Zhang, L.; Sun, J.; Kozmin, S. A. Adv. Synth. Catal. 2006, 348, 2271-2296.   
 
2.  Mini-review: Bruneau, C. Angew. Chem., Int. Ed. 2005, 44, 2328-2334. 
  
3.  See, for example: (a) Fürstner, A.; Hannen, P. Chem. Commun. 2004,  2546-2547.  (b) Harrak, Y.; 
Blaszykowski, C.; Bernard, M.; Cariou, K.; Mainetti, E.; Mouries, V.; Dhimane, A.-L.; Fensterbank, L.; 
Malacria, M. J. Am. Chem. Soc. 2004, 126, 8656-8657.  (c) Luzung, M. R.; Markham, J. P.; Toste, F. D. J. Am. 
Chem. Soc. 2004, 126, 10858-10859.  (d) Mamane, V.; Gress, T.; Krause, H.; Fürstner, A. J. Am. Chem. Soc. 
2004, 126, 8654-8655.  (e) Nieto-Oberhuber, C.; Munoz, M. P.; Bunuel, E.; Nevado, C.; Cárdenas, D. J.; 
Echavarren, A. M. Angew. Chem., Int. Ed. 2004, 43, 2402-2406.  (f) Marion, N.; de Frémont, P.; Lemière, G.; 
Stevens, E. D.; Fensterbank, L.; Malacria, M.; Nolan, S. P. 2006,  2048-2050.  (g) Tang, J.-M.; Bhunia, S.; 
Sohel, S. M. A.; Lin, M.-Y.; Liao, H.-Y.; Datta, S.; Das, A.; Liu, R.-S. J. Am. Chem. Soc. 2007, 129, 15677-
15683. 
 
 
 
 
  Additionally, hydrogen migration and 
associated bond reorganization can give products where the original connectivity in the 1,6-
heptenyne chain is not maintained leading to a wide array of possible structures (Scheme 
13 
 
2.1a).4 4  Despite utilizing a diverse set of mechanisms, ,5 Pt, Pd, Ru, Rh, and Au all enjoy 
special positions as catalysts combining high activity and controllable product selectivity, 
although efforts to render them chiral for asymmetric catalysis have been slower to 
develop.6,7
4
  In contrast to enynes, diene cycloisomerization reactions are typified by 
incomplete consumption of the available unsaturation, and the resulting products are less 
structurally diverse (diene isomerization to cycloalkene is typical).  Unlike enynes, skeletal 
reorganizations are not observed in 1,6-diene cycloisomerizations and the original 
connectivity is maintained (Scheme 2.1b). ,5  Additionally, cyclopropanes8
2
 are common 
products of enyne cycloisomerization  while the analogous conversion of a diene into a 
cyclopropane was, until recently, unknown.  
 
 
 
                                                          
4. Lloyd-Jones, G. C. Org. Biomol. Chem. 2003, 1, 215-236. 
 
5.  Méndez, M.; Mamane, V.; Fürstner, A. Chemtracts 2003, 16, 397-425. 
 
6.  Mini-review: Fairlamb, I. J. S. Angew. Chem., Int. Ed. 2004, 43, 1048-1052. 
 
7.  (a) Lei, A.; He, M.; Zhang, X. J. Am. Chem. Soc. 2003, 125, 11472-11473.  (b) Charruault, L.; Michelet, V.; 
Taras, R.; Gladiali, S.; Genêt, J.-P. Chem. Commun. 2004, 850-851.  (c) Liu, C.; Han, X.; Wang, X.; 
Widenhoefer, R. A. J. Am. Chem. Soc. 2004, 126, 3700-3701.  (d) Mũnoz, M. P.; Adrio, J.; C., C. J.; 
Echavarren, A. M. Organometallics 2004, 24, 1293-1300.  (e) Tong, X.; Li, D.; Zhang, Z.; Zhang, X. J. Am. 
Chem. Soc. 2004, 126, 7601-7607.  (f) Corkey, B. K.; Toste, F. D. J. Am. Chem. Soc. 2005, 127, 17168-17169.  
(g) Mikami, K.; Mataoka, S.; Aikawa, K. Org. Lett. 2005, 7, 5777-5780. 
 
8.  Lebel, H.; Marcoux, J.-F.; Molinaro, C.; Charette, A. B. Chem. Rev. 2003, 103, 977-1050. 
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Contrasting most diene cycloisomerization reactions are the electrophilic (PPP)Pt+2 
catalysts (PPP = triphos) reported by the Gagné lab for the intramolecular conversion of 1,6- 
and 1,7-dienes into bicyclopropanes (eq 2.1 and 2.2)9 and by Vitagliano for the 
intermolecular coupling of two alkenes into a cyclopropane (eq 2.3).10
                                                          
9.  (a) Kerber, W. D.; Koh, J. H.; Gagné, M. R. Org. Lett. 2004, 6, 3013-3015.  (b) Kerber, W. D.; Gagné, M. R. 
Org. Lett. 2005, 7, 3379-3381. 
 
10.  (a) Cucciolito, M. E.; D'Amora, A.; Vitagliano, A. Organometallics 2005, 24, 3359-3361. 
 
  In these examples, 
both degrees of unsaturation are consumed to make bicyclic and monocyclic products, 
respectively.   
Scheme 2.1 
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Experimental evidence from both groups has implicated ionic mechanisms and the 
intermediacy of carbocations for these reactions.  A typical mechanistic scheme for 
bicyclopropane formation (eq 2.1) is outlined in Scheme 2.2.  Key features are the 
electrophilic activiation of the terminal alkene, the generation of a 3° carbocation, and a 1,2-
hydride shift to establish the α, γ-arrangement of the metal and the cation required for ring-
closing cyclopropanation.11  The mechanism of this transformation demonstrates the 
propensity for Pt+2 to preferentially activate less substituted olefins, contrasting typical 
electrophilic reagents (Ag+, Hg+2, H+, Br+).12
                                                          
11.  For related reactions involving Sn, Fe, and Ti, see: (a) Davis, D. D.; Johnson, H. T. J. Am. Chem. Soc. 
1974, 96, 7576-7577.  (b) McWilliam, D. C.; Balasubramanian, T. R.; Kuivila, H. G. J. Am. Chem. Soc. 1978, 
100 6407-6413.  (c) Fleming, I.; Urch, C. J. Tetrahedron Lett. 1983, 24, 4591-4594.  (d) Brookhart, M.; Liu, Y. 
J. Am. Chem. Soc. 1991, 113, 939-944.  (e) Casey, C. P.; Smith Vosejpka, L. J. Organometallics 1992, 11, 738-
744.  (f) Lambert, J. B.; Salvador, L. A.; So, J. H. Organometallics 1993, 12, 697-703.  (g) Casey, C. P.; 
Strotman, N. A. J. Am. Chem. Soc. 2004, 126, 1699-1704. 
 
12.  (a) Hegedus, L. S. In Transition Metals in the Synthesis of Complex Organic Molecules. University Science 
Books: Mill Valley, CA, 1994; pp 199-236.  (b) Hegedus, L. S. In Comprehensive Organic Synthesis, Trost, B. 
M.; Fleming, I., Eds.  Pergamon Press: Oxford, 1990; Vol. 4, pp 571-583. 
 
  This reactivity pattern provides a predictable 
location for initiating electrophilic reactions in polyenes and compliments traditional 
strategies for initiating cation-olefin reactions which activate the more highly substituted 
16 
 
alkene.  Deuterium-labeling experiments confirmed the 1,2-hydride migration9b which is key 
for cyclopropane formation.  The cyclopropanation step itself was proposed to proceed by the 
addition of a relatively nucleophilic Pt-C bond to the empty orbital of the γ-carbocation.11,13
 
  
With the exclusion of the Pt, the individual steps in the cycloisomerization are very 
similar to the reactions involved in terpene biosynthesis (cation generation, cation-olefin 
cyclization, hydride shifts, etc.),14 and it is not surprising that terpene-like polyene substrates 
generate terpene-like cycloisomerization products.15,16
                                                          
13.  This is presumed to be in direct analogy to the double inversion (W-configuration) processes that have been 
observed for Sn, Fe, and Ti.  These have been shown to be rigorously stereospecific and proceed via double 
inversion stereochemistries. 
 
14.  Biosynthesis of Isoprenoid Compounds. Porter, J. W.; Spurgeon, S. L., Eds.; John Wiley & Sons: New 
York, 1981; Vol. 1. 
 
15.  Crouteau, R. Chem. Rev. 1987, 87, 929-954. 
 
16.  For a discussion explicitly comparing Pt- and Au-catalyzed enyne cycloisomerization to terpene 
biosynthesis, see: Fürstner, A.; Hannen, P. Chem. Eur. J. 2006, 12, 3006-3019. 
 
  The [3.1.0] bicyclic skeletons 
observed in these Pt catalyzed cycloisomerizations are a key feature common to naturally 
Scheme 2.2 
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occurring bicyclic terpenes (Figure 2.1).  Compounds of this type are typically found in 
essential oils as well as in flavor and fragrance applications owing to their volatility.17
 
  
The discovery of (PPP)Pt+2 catalysts was guided by the notion that rigorously blocking 
the coordination sites cis to a putative alkyl intermediate (e.g., A, Scheme 2.2) would inhibit 
β-H elimination as a competing decomposition pathway.  This approach was shown to be 
successful by Vitagliano and Hahn in a number of electrophilic activation systems18 and 
ultimately led to the discovery of the cycloisomerization catalyst described above.  Efforts to 
improve the reactivity and selectivity of the first-generation (PPP)Pt+2 catalyst were hindered 
by the unavailability of triphos derivatives19
To circumvent this obstacle, we proposed that the tridentate ligand architecture could be 
deconstructed into a modular combination of a bi- and a monodentate phosphine ligand (P2P) 
as shown in Figure 2.2.  This approach had the advantage of allowing for variations in ligand 
bite angle, cone angle, basicity, etc. to be independently assessed under reaction conditions.  
The possibility of monophosphine dissociation at the stage of an alkyl intermediate (e.g., A, 
 (triphos itself is commercially available), 
particularly chiral analogues for developing asymmetric variants of the reaction. 
                                                          
17.  Crouteau, R. Recent Developments in Flavor and Fragrance Chemistry: Proceedings of the 3rd 
International Harmann & Reimer Symposium; VCH: Weinheim, 1993; p 263-273. 
 
18.  (a) Hahn, C. Chem. Eur. J. 2004, 10, 5888-5899.  (b) Hahn, C.; Morvillo, P.; Herdtweck, E.; Vitagliano, A. 
Organometallics 2002, 21, 1807-1818.  (c) Hahn, C.; Morvillo, P.; Vitagliano, A. Eur. J. Inorg. Chem. 2001, 
419-429. 
 
19.  For typical procedures, see: DuBois, D. L.; Miedaner, A.; Haltiwanger, R. C. J. Am. Chem. Soc. 1991, 113, 
8753-8764. 
 
 
Figure 2.1.  Examples of [3.1.0] bicyclic natural products 
18 
 
Scheme 2.2) was a concern as it could provide a pathway for β-H elimination and catalyst 
deactivation.  However, the electrophilic nature of P3PtR+ along with the need for associative 
ligand substitution at substitutionally inert Pt(II)20
 
 were believed to support a favorable 
outcome. 
A systematic screening of mono- and bidentate ligands led to the development of the 
achiral second-generation catalyst, (dppm)(PMe3)Pt+2.21
9
 This catalyst successfully 
cycloisomerized 1,6- and 1,7-dienes into [3.1.0] and [4.1.0] bicyclic products with higher 
yields and at rates 10-20 times faster than the first generation (PPP)Pt+2 catalyst (Table 2.1).  
Additionally, (dppm)(PMe3)Pt+2 catalyzed reactions at r.t. while the (PPP)Pt+2 catalyst 
required reactions to be carried out at 40 °C. b  Enhancements in functional group 
compatibility were also observed (entries 6-9); the original triphos catalyst was unable to 
cyclize the sulfone 11 and gave low yields of acetal product 14.  The [3.1.0] ketone bicycle 
16, which is applicable to the synthesis of a number of thujone and thujanol derivatives, is 
much slower than other substrates, a phenomenon that can likely be traced to the catalyst 
resting as a nonproductive  ketone adduct instead of a productive alkene adduct (31P NMR).  
The limit of the activity with the (dppm)(PMe3)Pt+2 catalyst appears to be represented by 17 
which formally requires the intermediacy of a secondary carbocation in the proposed 
                                                          
20.  Atwood, J. D. Inorganic and Organometallic Reaction Mechanisms; Wiley-VCH: New York, NY, 1997. 
 
21.  Feducia, J. A.; Campbell, A. N.; Doherty, M. Q.; Gagné, M. R. J. Am. Chem. Soc. 2006, 128, 13290-13297. 
 
 
Figure 2.2.  Deconstruction of a triphosphine ligand architecture into a mono- and bidentate ligand 
combination 
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mechanism.  The small bite-angle dppm was key for achieving short reaction times, high 
diastereoselectivities and high yields (as compared to dppe, dppp, etc. analogues).  
Additionally, no dehydrogenated products were observed suggesting that the P2P ligand 
architecture was sufficient to prevent β-H elimination under reaction conditions and served 
as a successful way of developing new catalysts for this cycloisomerization. 
Based on the success of the P2P ligand architecture, the development of an asymmetric 
variant was of interest.  There were a limited number of examples of asymmetric diene 
cycloisomerizations and included the chiral Ni catalysts which gave up to 80% ee for the 
cycloisomerization of diethyl diallyl malonate (eq 2.4) and the L2Pd+2 catalysts of Heumann, 
which gave ee’s up to 60% for L2 = bisoxazoline and sparteine (eq 2.5).22,23
                                                          
22.  (a) Böing, C.; Francio, G.; Leitner, W. Chem. Commun. 2005, 1456-1458.  (b) Böing, C.; Francio, G.; 
Leitner, W. Adv. Synth. Catal. 2005, 347, 1537-1541. 
 
23.  For recent examples of chiral Pd(II), Pt(II) and Au(I) catalysts in related electrophilic activation processes, 
see ref 7. 
  Because there 
were no enantioselective catalysts for the conversion of dienes into bicyclopropanes, the 
design and synthesis of chiral metal catalysts for this transformation represented both an 
obvious and a desirable endeavor.  Furthermore, the modular nature of the P2P ligand array 
made it highly amenable to the search for enantioselective catalysts. 
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Table 2.1.  Cycloisomerization of dienes with (dppm)(PMe3)Pt+2 a and (PPP)Pt+2. 
 
 
a Reaction conditions: 5% (dppm)PtI2 (0.06 M in CD3NO2), 5% PMe3, 11% AgBF4,  
23 °C. b Reaction conditions: 5% [(PPP)PtMe][BF4] (0.06 M in CD3NO2), 5% HNTf2, 
5% acetone, 40 °C.  c By GC.  d By 1H NMR. e 10% catalyst loading, 40 °C 
21 
 
 
  
Reported herein is the development of a chiral catalyst for diene cycloisomerizations 
based on modular (P2P)Pt-dication catalysts utilizing chiral bidentate ligands.  The nature of 
the resultant bicyclopropane product stereochemistry was explored and the effect of 
monodentate phosphines on the stereochemical fate of the product discussed.  Finally, 
catalyst resting states for the first generation (PPP)Pt+2 catalyst, the (dppm)(PMe3)Pt+2 and 
the newly developed chiral catalysts were compared. 
2.2 Results and Discussion 
Catalyst Activation.  In the first-generation catalysts, activation was most conveniently 
achieved by protonolysis of the [(PPP)Pt-Me][BF4] precursor with HNTf2 to give CH4 and 
the desired [(PPP)Pt-L][BF4][NTf2] catalyst, where L could either be a weak placeholder 
ligand like acetone or the terminal alkene of the substrate itself.  This methodology proved to 
be key to cleanly generating the active catalyst in a form that maximized reactivity while 
minimizing the production of compounds that tended to either consume the cyclopropane 
product or lead to Brønsted acid-derived byproducts.9b  The analogous activation protocol 
with the modular [(P2P)Pt-Me][BF4] precursors was wholly unsuccessful and ultimately led 
22 
 
to an entirely different direction of research.24
Typical activation procedures for in situ screening of ligand variants began with isolated 
P2PtI2 complexes, to which was added 1 equiv of the monodentate ligand in nitromethane
  These studies showed that, for reasons 
attributable to geometric strain in the triphos coordination geometry, protonolysis was at least 
50,000 times more rapid for [(PPP)Pt-Me][BF4] than for a large number of [(P2P)Pt-
Me][BF4] precursors.  Fortunately however, conditions for achieving iodide abstraction from 
intermediate [(P2P)Pt-I][I] compounds with Ag+ salts could be employed.  Iodides were 
significantly easier to activate than were the analogous chloride complexes. 
25
21
 
followed by activation with 2.2 equiv AgBF4 in the presence of substrate.  A number of 
solvents were investigated for use in this transformation with nitromethane consistently 
providing the best results; nitroethane was usually an acceptable replacement (although a bit 
slower), dichloromethane has been shown to be considerably slower.    
Chiral Catalyst Development.  The test reaction used in the search for enantioselective 
variants of (P2P)Pt+2 catalysts was the conversion of 1 to the [4.1.0] bicycloheptane 2, 
proceeding by the mechanism proposed in Scheme 2.2.  As detailed above, the addition of 1 
equiv of the monodentate phosphine to the chiral P2PtI2, generating the (P2P)PtI+ precatalyst 
in situ, followed by halide abstraction with 2.5 equiv AgBF4 in the presence of substrate, 
generated the active catalyst.  This protocol enabled screening of various combinations of 
chiral bi- and achiral monodentate ligands. 
                                                          
24.  Feducia, J. A.; Campbell, A. N.; Anthis, J. W.; Gagné, M. R. Organometallics 2006, 25, 3114-3117. 
 
25.  For exploratory reactions, CD3NO2 was utilized because traces of propionitrile present in reagent grade 
CH3NO2 poison the catalyst.  For preparative work, nitromethane that had been twice precipitated from a 50:50 
solution with Et2O at -78 °C was sufficiently pure for use, see: Parrett, F. W.; Sun, M. S. J. Chem. Educ. 1977, 
54, 448-449. 
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After the initial discovery that the (BINAP)(PMe3)Pt+2 catalyst gave 86% of 2 with 62% 
ee, BINAP was used as a chiral ligand to screen a variety of monodentate phosphines (Table 
2.2).  No improvement over the original BINAP/PMe3 combination was observed.  
Additionally, it was noted that a small monodentate ligand was necessary to efficiently 
generate the requisite (P2P)Pt+2 catalyst structure.  Monophosphines larger than tris(2-
furyl)phosphine (P(2-furyl)3, 133° cone angle)26 did not add to the chiral P2PtI2 to generate 
the precatalyst.27
 
  Interestingly, the small and electron deficient P(OMe3) ligand showed a 
very high diastereomeric preference but no enantioselectivity. 
Using PMe3 as the monodentate phosphine, a number of chiral bidentate phosphines 
were screened as catalysts for the asymmetric cycloisomerization of 1 (Table 2.3).  The 
enatioselectivites varied considerably with diphosphine structure, and optimal selectivities 
were observed with 3,5-xylyl-BINAP.  Interestingly, the series of C1-, C2- and C3-
TUNEPHOS ligands indicated that the bite angle was not a significant factor in selectivity.28
                                                          
26. Andersen, N. G.; Keay, B. A. Chem. Rev. 2001, 101, 997-1030. 
 
27.  PMePh2, with a cone angle just 3° larger than P(2-furyl)3 (136°) did not add to (BINAP)PtI2.  Tolman, C. 
A.  Chem. Rev.  1977, 77, 313-348. 
 
28.  The structural constraints of the series of TUNEPHOS ligands allow for tuning of ligand bite angle.  See:  
Zhang, Z.; Qian, H.; Longmire, J.; Zhang, X. J. Org. Chem. 2000, 65, 6223-6226. 
 
  
Table 2.2.  The monophosphine effect on (R)-BINAP)(PR3)Pt+2 for the cycloisomerization of 1 to 2a 
PR3 %2b drb %eec 
P(OMe)3 55% 20:1 0% 
PMe3 86% 4:1 62% 
PMe2Ph 82% 2:1 63% 
PEt3 65% 3:1 46% 
P(2-furyl)3 50% 3:1 45% 
 
a Reaction conditions: 10% ((R)-BINAP)PtI2 (0.02 M in CD3NO2), 10% PR3, 25% AgBF4,  
23 °C. b By calibrated GC analysis.  c Enantioselectivities were obtained by chiral GC (β-
cyclosil column). 
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This greatly contrasted the achiral work in which there was a direct correlation between bite 
angle and catalyst selectivity and efficiency with the small bite angle dppm giving the best 
diastereoselectivities and shortest reaction times.  
 
A moderately enantio- but highly diastereoselective catalyst was found with the P,N 
ligand QUINAP.   In situ 31P NMR analysis suggested that the major species had the PMe3 
coordinated cis to the P-ligand of QUINAP (JP-P is 20 Hz, c.f. ~200 Hz for a trans coupling), 
that is, as a PPN ligand array.  Despite the high diastereoselectivity of the QUINAP ligand, 
PHOX ligands were not well behaved.  The PHOX ligand gave a stable (PN)PtI2 complex; 
however, PR3 addition displaced the nitrogen from the metal, and catalysis with this species 
formed no cyclopropane products.  Additionally, the P,S ligand BINAP(S)29 was also poorly 
behaved and showed no enantioselectivity.30
The catalysts in Chart 2.1 proved to be the most useful of the tested combinations, 
generating 2 from 1 with ee’s of 91% and 75%, and with GC yields of 92% and 84%, 
   
                                                          
29.  Faller, J. W.; Wilt, J. C.; Parr, J. Org. Lett. 2004, 6, 1301-1304. 
 
30.  The Josiphos and Walphos ligands in the Solvasis ligand kit were also screened.  They did not form any 
cyclopropane products. 
Table 2.3.  The diphosphine effect on the cycloisomerization of 1 to 2 for [(P2)(PMe3)Pt+2]a 
P2 %2b drb %eec 
3,5-xylyl-BINAP 92% 3.5:1 91% 
Tol-BINAP 60% 3.3:1 63% 
BINAP 86% 3.5:1 62% 
SEGPHOS 84% 2.7:1 75% 
C1-TUNEPHOS 77% 5:1 57% 
C2-TUNEPHOS 83% 3.6:1 53% 
C3-TUNEPHOS 69% 3.8:1 55% 
CHIRAPHOS 36% 6.4:1 11% 
QUINAP 77% 16:1 72% 
BINAP(S) 34% 9.7:1 0% 
 
     a Reaction conditions: 10% (P2)PtI2 (0.02 M in CD3NO2), 10% PMe3, 25% AgBF4,  
    23 °C.  b By calibrated GC analysis.  c Enantioselectivities were obtained by chiral GC  
    (β-cyclosil column). 
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respectively.  Consistent with previous observations regarding solvent choice for this 
cycloisomerization, the reactions were found to be sensitive to solvent.  The yield and % ee 
for  the major isomer increased from CH2Cl2 (38%, 91% ee), to EtNO2 (77%, 91% ee) to 
MeNO2 (85%, 88% ee).  The reaction was also found to be sensitive to concentration with 
higher concentrations leading to more byproducts, particularly for the conversion of 1 to 2.  
Using the optimized conditions (0.05 M catalyst in MeNO2), the catalysts were highly 
chemoselective and could be run with catalyst loadings as low as 2 mol %, although the 
general protocol used 5 mol % loadings. 
 
 
 Substrate Scope.  With a competent and robust catalyst in hand, the scope of the 
enantioselective cycloisomerization was examined.  As shown in Table 2.4, a number of 1,6- 
and 1,7-dienes could be converted to the expected [3.1.0] and [4.1.0] products while 
maintaining a high level of enantioselectivity.  In most cases, R-21 was best, although R-22 
reproducibly surpassed it for the aza-bicyle in entry 6.  This entry is noteworthy, as the 
dppm/PMe3 catalyst completely destroyed the substrate within 10 min.  Yields for the 
isolated products are typically fair to good, as higher levels of alkene byproducts were 
obtained relative to the dppm/PMe3 catalyst (Table 2.1).  For the reaction of 1 and 5, several 
Chart 2.1.  Optimum Catalysts for Diene Cycloisomerization 
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of these byproducts were identified and shown to result from further reactions on 2 and 6.31
                                                          
31.  The following isomerization products have been identified:  
 
  
The susceptibility of 2 to additional reactions could be partially compensated for by 
concentration and catalyst loading variations; lower concentrations (0.02 M) provided 
improved yields (82%) and selectivites (95% ee for the major), as did higher catalyst 
loadings (10 mol %, 0.02 M, 92%). 
In general, the reaction rates were slightly slower than those with the dppm/PMe3 
catalyst, although still notably faster than those with the triphos-based catalyst.  As reflected 
in the yields, these chiral catalysts were also more prone to generating non-cyclopropane 
byproducts than was the dppm/PMe3 catalyst. 
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Mechanistic Considerations.  Previous mechanistic studies on the triphos-based 
catalyst have demonstrated that alkene activation and cation generation are rapid and 
reversible on the time scale of cyclopropanation.9b  For example, studies have shown that two 
trappable cations are in equilibrium prior to hydride transfer (Scheme 2.3), and this suggests 
that both a 5-exo and 6-endo initial cyclization may be viable and productive pathways.  For 
both the first-generation triphos catalyst and the second generation dppm/PMe3 catalyst, in 
situ 31P NMR revealed that the catalysts rest as the Pt-olefin adduct (Scheme 2.3, A) with a 
JPt-P ~ 2200 Hz.  These data were consistent with a fast and reversible cyclization step 
Table 2.4.  Cycloisomerization reactions with R-21 and R-22 (5 mol %)a 
 
 
a  Reaction conditions: 5% (P2)PtI2, 5% PMe3, 12.5% AgBF4, in MeNO2 (0.05 M in catalyst), 
23 °C.  b  The absolute stereochemistries of entries 1-5 were assigned in analogy to entry 6 
(vide infra).  c  Isolated yields of analytically pure product; yields in parentheses are 
calibrated GC yields.  d  Enantioselectivities were obtained by chiral GC (β-cyclosil column).  
e 0.02 M in catalyst.  f  By GC.  g 10 % catalyst loading.  h 40 °C. 
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followed by a turnover-limiting post-cyclization step (hydride shift or cyclopropanation).  
For the chiral catalysts (21 and 22) however, the olefin adduct was not observed as the 
catalyst resting state.  The 31P NMR instead showed a Pt species with a significantly larger 
JPt-P of 4000 Hz and was ultimately traced to the nitromethane adduct of the Pt.   
 
 
Efforts to further probe this change in catalyst resting state and to trap analogous 
intermediate cations were wholly unsuccessful due to competing reactivity.32
Although Pt(II)-salts (e.g., PtCl2) are known to react with cyclopropanes, the electron-
deficient complexes used in this transformation were quite inert to the cyclopropane 
products.  However, if traces of acid were present in the catalyst, cyclopropane consumption 
  However, the 
difference in resting state may be attributable to the significant increase in steric bulk of the 
chiral catalyst as compared to both the first and second generation achiral catalysts 
(dppm/PMe3 and triphos).  The steric hindrance of the chiral catalyst may either stabilize the 
nitromethane adduct or destabilize the olefin adduct.  Either way, the slower rates observed 
for the chiral catalysts as compared to the dppm/PMe3 catalyst may be at least somewhat 
attributable to this effect. 
                                                          
32.  Campbell, A. N.; Gagné, M. R. Organometallics 2007, 26, 2788-2790. 
Scheme 2.3 
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could be a significant side reaction.31  Additionally, several of the substrates, particularly 1, 
were also found to be acid sensitive.33
Monophosphine Effects.  As part of a series of experiments to identify the role of 
possible catalyst impurities, a cycloisomerization reaction on 1 was carried out in the absence 
of PMe3.  Activating (P2)PtI2 with 2.5 equiv AgBF4 in the presence of 10 equiv of 1 led to a 
catalyst which gave enantiomeric 2 (ent-2)
  The activation protocol utilized herein has helped to 
minimize traces of acid and thereby minimized byproduct formation.  
34
 
 in  moderate yields and enantioselectivity.  The 
absence of PMe3 thus inverts the sense of selectivity, leading to a situation where both 
enantiomers of product can be obtained from a single enantiomer of BINAP.  This same 
trend was observed when the chiral diphosphine was modified (Table 2.5).  Although none of 
these catalysts proved to be as enantioselective or high yielding as the P2P analogues, they 
were significantly more diastereoselective.  Interestingly, the QUINAP catalyst did not 
change its sense of enantioselectivity. 
Attempts of improve the (P2)Pt+2 catalyst through couterion modifications (SbF6- or OTf-
) led to species that rapidly decomposed the transiently observed cyclopropanes.  When 
applied to a different diene arrangement, the reactivity of these catalysts did not translate, and 
multiple isomeric products were obtained in the cycloisomerization of 5 (GC/MS).  In the 
                                                          
33.  1 forms the following isomerization products in the presence of acid:  
 
 
34.  Because the absolute stereochemistry of 2 was assigned by analogy to 20 (vide infra), any over 
interpretation of the absolute stereochemistry is cautioned against.  
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end, the chiral P2Pt+2 catalysts do enantioselectively provide ent-2, but only with 1 and only 
as the BF4- salt.  As they lack a third phosphine donor ligand, this effect can possibly be 
attributed to their highly electrophilic nature.   
 
Perhaps the most surprising aspect of these results was that no products corresponding to 
loss of H2 from a putative β-H elimination pathway were observed in the GC/MS of the 
reactions.  The original guiding notion that the cis coordination sites needed to be rigorously 
blocked to prevent β-H elimination may not hold true and in fact, β-H elimination did not 
appear to compete with cycloisomerization.  
Stereochemistry.  The absolute stereochemistry of the bicyclopropane products was 
ascertained directly from the aza-bicyle in entry 6 of Table 2.4.  As shown in eq 2.7, the 
product was detosylated with Mg in MeOH35 to yield the volatile free base which was 
directly converted to the mono-oxalate salt and analyzed by optical rotation.  The sign of the 
rotation matched that of the previously reported compound,36
                                                          
35.  Alonso, D. A.; Anderson, P. G. J. Org. Chem. 1998, 63, 9455-9461. 
 
36.  Poloñski, T.; Milewska, M. J.; Katrusiak, A. J. Am. Chem. Soc. 1993, 115, 11410-11417. 
 
 and established that (R)-xylyl-
BINAP and (R)-SEGPHOS generated the 1R,5R,-azabicyclohexane (20).  The remainder of 
Table 2.5.  The diphosphine effect on the cycloisomerization of 1 to 2 (eq 2.6) for [(P2)Pt+2][BF4]2a 
P2 %2b drb %eec 
3,5-xylyl-BINAP 50% 12:1 25% 
BINAP 64% 15:1 58% 
SEGPHOS 54% 21:1 65% 
C1-TUNEPHOS 55% 15:1 56% 
CHIRAPHOS 79% 27:1 39% 
QUINAP 47% 17:1 59%
d 
BINAP(S) 52% 15:1 0% 
 
a Reaction conditions: 10 mol % (P2)PtI2 (0.02 M in CD3NO2), 25% AgBF4, 23 °C.  b By 
calibrated GC analysis.  c Opposite absolute stereochemistry as compared to (P2P)Pt+2 
catalysts.  d Same absolute stereochemistry as (P2P)Pt+2 catalyst. 
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the [3.1.0] bicyclic structures in Table 2.4 were assigned by analogy, as was the [4.1.0] 
bicycle in entry 3.  Compounds 2 and 8 were assigned for the sake of convenience by 
analogy, although the consequences of a change in diene arrangement are unknown.37
 
   
Consistent with this stereochemical analysis were double stereodifferentiating reactions 
carried out with enantiomeric pairs of catalyst and (3S)-β-citronellene.  In separate 
experiments, the initial cyclization rate of 3 to the natural product cis-thujane (4) was 
determined (Scheme 2.4).  In the event, S-21 cyclized 3 ~3.7 times faster than does R-21, 
suggesting that the (S)-catalyst is matched to the 1R,5R stereochemistry of 4.  Conversely, 
the (R)-catalyst is better matched to the 2S,5S enantiomer of 4 and by analogy to the 2R,5R 
stereochemistry of 20 (eq 2.7).38  For cis-thujane 4, the matched stereochemistry is also more 
diastereoselective, although the existing stereogenic center is clearly stereodominant.39
                                                          
37.  All of the substrates in Table 2.4 give negative rotations (MeOH, 546 nm), except for 2 which gives a 
positive rotation. 
 
38. A change in priority due to the N and branching inverts the Cahn-Ingold-Prelog designators. 
 
  
39. In a traditional kinetic resolution mode using racemic 3 and R-19 (5 mol%), an S-factor of 3.5±0.3 was 
obtained.  Martin, V. S.; Woodward, S. S.; Katsuki, T.; Yamada, Y.; Ikeda, M.; Sharpless, K. B. J. Am. Chem. 
Soc. 1981, 103, 6237-6240. 
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To help generate a model for the sense of asymmetric induction in the cyclopropanation 
reactions, an X-ray structure of the iodide precursor to R-21 was obtained (R-24).  As shown 
in Figure 2.3, the structure shows the expected distortion that rotates the P3-Pt-I plane 25° 
counterclockwise from the P2-Pt-P1 plane.  As indicated by the forward projection of the 
xylyl substituents, the coordination site for alkene activation (after I- removal) is highly 
asymmetric and should efficiently promote diastereoselective alkene binding/activation.  
Because small bite angles were of importance in the dppm catalysts, it is worth noting that 
the two I-Pt-P bond angles are significantly smaller, 87° and 89°, than those observed in the 
dppm/PMe3 structure (98° and 91°, respectively) consistent with the need for a small ligand 
at the P1 site for these catalyst; the dppm catalyst, on the other hand, could tolerate 
monodentate ligands as large as PPh3.  
Scheme 2.4 
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To address the question of diastereofacial preference in this coordination environment, 
the coordinates from the X-ray structure were imported into MacSpartan, the iodide ligand 
was replaced with propylene, and the metal was changed to Pd.  Because there are two 
diastereofaces to the alkene and two rotomers for each diastereomer, four possible η2-alkene 
starting structures were generated.  Each structure was geometry optimized at the PM3 level, 
and the energies were compared (Scheme 2.5).  For both diastereomers, the lowest energy 
rotamers projected the methyl substituent into the top quadrants of the chiral environment (A 
and C), with the lowest energy structure being that which points it toward the PMe3, C. 
 
Figure 2.3.  ORTEP representation of the R-24 cation.  Selected bond lengths (Å): Pt-P1 = 
2.3321(12), Pt-P2 = 2.2653(12), Pt-P3 = 2.3450(12), Pt-I = 2.6469(4).  Selected bond angles 
(deg): P1-Pt-P2 = 91.66(4), P2-Pt-P3 = 98.04(5) I-Pt-P1 = 88.74(3), I-Pt-P3 = 86.91(3). 
I 
P2 
P3 
P1 
Pt 
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Given the significant proviso that alkene activation/C-C bond formation is not likely 
turnover limiting, and that this process is quite likely reversible (it is with triphos), this model 
for alkene activation does correctly predict that antara-facial attack of the tri-substituted 
alkene onto the activated alkene of the lowest energy isomer will afford the observed 1R,5R 
isomer of 20 (Scheme 2.6).  The model also holds for the 6-endo pathway, which first creates 
a stereogenic platinated carbon center and then transfers this information into the 
cyclopropane by an invertive cyclopropanation. 
  
Scheme 2.5 
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2.3 Conclusions 
In summary, chiral, modular catalysts for the enantioselective cycloisomerization of 1,6- 
and 1,7-dienes into [3.1.0] and [4.1.0] bicyclopropanes were developed.  The optimum 
catalyst was based on xylyl-BINAP in combination with PMe3, although the analogous 
SEGPHOS-based catalyst was more selective in one example (Table 2.4, entry 6).  These 
catalysts were more efficient than the first-generation triphos catalyst although not as 
efficient as the second-generation dppm/PMe3 catalyst and had a more limited reaction 
scope.  However, the chiral catalysts, with enantioselectivites into the mid-90’s, represent the 
most enantioselective catalysts for diene cycloisomerization to date.   
Surprisingly, the monophosphine was not a requirement for cycloisomerization, with 
P2Pt+2 giving cyclopropane products with high diastereselectivity and moderate 
enantioselectivity.  Additionally, the absence of monophosphine inverts the sense of 
stereochemistry in the product.  While these more electrophilic catalysts are much more 
sensitive to reaction conditions (only the conversion of 1 to 2 was successful), the rate of β-H 
elimination is not competitive with cyclopropanation and suggests that the original notion 
Scheme 2.6.   
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that the cis coordination sites need to be rigorously blocked on the Pt catalyst needs to be 
revisited. 
Finally, the X-ray structure of the xylyl-BINAP/PMe3 precatalyst shows that the 
coordination site for alkene activation is highly asymmetric and should efficiently promote 
diastereoselective alkene activation/binding.  This was confirmed by MacSpartan 
calculations which showed a thermodynamic preference for olefin coordination which 
matches the observed stereochemical outcome. 
2.4 Experimental 
Synthesis of Dienes 
General Methods.  All reactions were performed under an inert atmosphere of N2 using 
standard Schlenk techniques or using an MBraun Lab-Master 100 glove box.  Diethyl ether 
and dichloromethane were sparged with dry argon and passed through a column of activated 
alumina. DMF was dried overnight and subsequently distilled from CaH2.  
Cycloisomerization substrates 3 and 5 are commercially available from Aldrich.  All other 
chemicals were used as received from Aldrich.  Substrates 1,9a 7,9b 9,9b and 1321 were 
prepared and purity compared to literature procedures.  NMR spectra were recorded on a Bruker 
Avance 400 MHz spectrometer; chemical shifts are given in ppm and are referenced to residual 
solvent resonances (1H and 13C) or to an external 85% H3PO4 standard (31P).  Elemental 
microanalyses were performed by Robertson-Microlit Laboratories, Madison, NJ.  
19:  To a suspension of NaH (3.10 mmol) in 4 mL DMF at 0 °C was added via cannula 
4-methyl-N-allylbenzenesulfonamide40
                                                          
40.  Terada, Y.; Arisawa, M.; Nishida, A. Angew. Chem. Int. Ed. 2004, 43, 4063-4067. 
 (3.10 mmol) in 3 mL DMF.  The mixture was 
allowed to warm to 23 °C and stirred for 1 h.  1-bromo-3-methylbut-2-ene (3.10 mmol) was 
then added via syringe, and the mixture was stirred for 3 h at 80 °C.  The reaction was 
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quenched with water, extracted three times with Et2O, and the combined organic extracts 
washed twice with water and brine.  The solution was dried over MgSO4, filtered, and 
concentrated in vacuo.  The crude product was purified by silica gel chromatography on 
silica gel in 10:1 hexanes/EtOAc to yield 670 mg (77%) of colorless oil; 1H NMR: (300 
MHz, CDCl3) δ 7.69 (d, 2 H, J = 8.1 Hz), 7.28 (d, 2 H, J = 8.1 Hz), 5.64 (m, 1 H), 5.13 (m, 2 
H), 4.97 (m, 1 H), 3.77 (m, 4 H), 2.42 (s, 3 H), 1.65 (s, 3 H), 1.58 (s, 3 H); 13C NMR: (100 
MHz, CDCl3) δ 143.0, 137.6, 136.7, 133.2, 129.5, 127.1, 118.8, 188.3, 49.3, 44.4, 25.7, 21.4, 
17.8.  Anal. Calc. for C15H21NO2S: C, 64.48; H, 7.58; N, 5.01.  Found: C, 64.74; H, 7.84; N, 
4.93. 
Catalytic Cycloisomerizations 
General Methods.  All reactions were performed under an inert atmosphere of N2 using 
an MBraun Lab-Master 100 glove box. Dichloromethane was dried by passage through a 
column of activated alumina. CD3NO2 was distilled from CaH2. MeNO2 was purchased from 
Aldrich and used as received.25  All bidentate and monodentate ligands used for catalyst 
screening were purchased from Strem Chemicals, stored in a glovebox and used as received. 
(P2)PtI2 catalyst precursors were prepared by a known literature procedure.41
                                                          
41.  Colacot, T. J.; Qian, H.; Cea-Olivares, R.; Hernandez-Ortega, S. J. Organomet. Chem. 2001, 637-639, 691-
697. 
 
  All solvents 
were degassed by several successive freeze-pump-thaw cycles and stored in a glovebox.  GC 
was performed on an HP 6890 with a DB-1 (for 6 and 8) or HP-5 (for 2, 10, 14, 20) column. 
Chiral GC was performed on a HP 6890 with an Agilent β-cyclosil column. Optical rotation 
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was measured using a Jasco DIP-1000 digital polarimeter.  AgNO3 impregnated silica gel 
was prepared according to a literature procedure.42
                                                          
42.  Ag+ silica was developed for separation of alkene byproducts from saturated cyclopropane products, see:   
Tong-Shuang, L.; Ji-Tai, L.; Hui-Zhang, L. J. Chrom. A. 1995, 715, 372-375. 
 
Typical Procedure: To a 0.05 M suspension of 22 μmol (xylyl-BINAP)PtI2 (or other 
(P2)PtI2 complex) in CD3NO2 was added 1 equiv. of PMe3 (or other PR3) in a glass 
scintillation vial.  The suspension was stirred until the Pt was completely dissolved and 20 
equiv. of diene was added, followed by 10.6 mg AgBF4 (48 μmol). The solution was stirred 
in the dark until complete by GC. The reaction was quenched by addition of MeNO2 
(containing traces of propionitrile). For 6 and 8, the MeNO2/hydrocarbon biphase was 
extracted with three small portions of pentane and directly loaded onto a Ag+ silica column. 
For 2, 10, 14, and 20 the organic product was extracted with Et2O and washed with H2O 
several times to remove MeNO2. The extracts were dried over MgSO4, filtered, concentrated 
in vacuo and loaded onto a Ag+ silica column (20 was purified on normal silica gel). Yields 
are given for reactions of dienes with 21 except in the case of substrate 19 in which the yield 
was obtained by reaction with 22.  
2: Prepared from 1 as above with the crude material purified by chromatography on Ag+ 
impregnated silica with 400:1 hexanes/EtOAc to yield 70.2 mg (70%) of a clear oil.  The 
enantiomeric purity was confirmed by GC (Agilent β-cyclosil, 80 °C for 5 min, 2 °C/min to 
170 °C, hold 10 min): tR 42.5 min (minor); 42.8 min (major) as 90% ee.  1H NMR: (400 
MHz, CDCl3) δ 7.24 (d, 1 H, J = 7.2 Hz), 7.16 (m, 1 H), 6.89 (m, 1 H), 6.83 (d, 1 H, J = 7.8 
Hz), 3.79 (s, 3 H), 3.18 (d, 1 H, J = 14.4 Hz), 2.08 (d, 1 H, J = 14.4 Hz), 1.97 (m, 1 H), 1.67 
(m, 1 H), 1.33 (m, 2 H), 1.27 (m, 1 H), 0.99 (m, 2 H), 0.94 (d, 3 H, J = 6.6 Hz), 0.64 (m, 1 
H), 0.27 (dd, 1 H, J = 4.2, 9.0 Hz), 0.17 (t, 1 H, J = 4.8 Hz). 
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6: Prepared from 5 as above with the crude material purified by chromatography on Ag+ 
impregnated silica with n-pentane.  The solvent was removed by fractional distillation to 
yield 30.4 mg (55%) of a 33% w/w solution in n-pentane. The enantiomeric purity was 
confirmed by GC (Agilent β-cyclosil, isothermal 40 °C): tR 17.3 min (minor); 18.7 min 
(major) as 92% ee.  1H NMR: (400 MHz, CDCl3) δ 1.64 (m, 2 H), 1.55 (m, 3 H), 1.38 (m, 1 
H), 1.15 (m, 1 H), 0.95 (m, 1 H), 0.91 (d, 3 H, J = 6.8 Hz), 0.85 (d, 3 H, J = 6.8 Hz), 0.24 (t, 
1 H, J = 4.0 Hz), 0.17 (dd, 1 H, J = 4.8, 8.0 Hz). 
8: Prepared from 7 as above with the crude material purified by chromatography on Ag+ 
impregnated silica with n-pentane. The solvent was removed by fractional distillation to yield 
26.3 mg (43%) of a 37% w/w solution in n-pentane. The enantiomeric purity was confirmed 
by GC (Agilent β-cyclosil, isothermal 40 °C): tR 35.5 min (minor); 39.4 min (major) as 69% 
ee.  1H NMR: (400 MHz, CDCl3) δ 1.81 (m, 1 H), 1.63 (m, 2 H), 1.42 (m, 1 H), 1.18 (m, 4 
H), 0.89 (d, 3 H, J = 6.0 Hz), 0.88 (d, 3 H, J = 6.0 Hz), 0.80 (m, 1 H), 0.62 (m, 1 H), 0.29 
(dd, 1 H, J = 4.2, 9.0 Hz), 0.12 (t, 1 H, J = 4.8 Hz). 
10: Prepared from 9 as above with the crude material purified by chromatography on 
Ag+ impregnated silica with 33:1 hexanes/EtOAc to yield 49.7 mg (47%) of a clear oil.  The 
enantiomeric purity was confirmed by GC (Agilent β-cyclosil, 100 °C for 80 min, 2 °C/min 
to 140 °C, hold 20 min): tR 66.7 min (major); 70.0 min (minor) as 87% ee.  1H NMR: (400 
MHz, CDCl3) δ 3.71 (s, 3 H), 3.69 (s, 3 H), 2.47 (m, 3 H), 2.33 (dd, 1 H, J = 1.6, 13.6 Hz), 
1.42 (h, 1 H, 6.8 Hz), 1.12 (p, 1 H, J = 4.4 Hz), 0.95 (d, 3 H, J = 6.8 Hz), 0.85 (d, 3 H, J = 6.8 
Hz), 0.36 (t, 1 H, J = 6.8 Hz), 0.08 (dd, 1 H, J = 4.0, 5.6 Hz).  
14: Prepared from 13 as above with the crude material purified by chromatography on 
Ag+ impregnated silica with 200:1 hexanes/EtOAc to yield 69.1 mg (70%) of colorless oil.  
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The enantiomeric purity was confirmed by GC (Agilent β-cyclosil, 100 °C for 80 min, 2 
°C/min to 140 °C, hold 20 min): tR 58.4 min (major); 60.6 min (minor) as 93% ee.  1H NMR: 
(400 MHz, CDCl3) δ 3.49 (m, 4 H), 1.74 (dd, 1 H, J = 5.6, 5.6 Hz), 1.63 (m, 2 H), 1.51 (d, 1 
H, J = 14.0 Hz), 1.35 (s, 6 H), 1.26 (m, 1 H), 1.05 (m, 1 H), 0.89 (d, 3 H, J = 6.8 Hz), 0.81 (d, 
3 H, J = 7.2 Hz), 0.51 (dd, 1 H, J = 4.8, 5.2 Hz), 0.041 (t, 1 H, J = 4.2 Hz); 13C NMR (100 
MHz, CDCl3) δ 97.4, 70.8, 70.6, 43.8, 37.5, 37.1, 36.3, 33.3, 24.3, 23.5, 23.2, 20.2, 20.0, 
19.9.  HRMS (ESI) [M+H]/z calc. 225.185, found 225.193.  
20: Prepared from 19 with the crude material purified by chromatography on silica gel 
with 6:1 hexanes/EtOAc to yield 54.1 mg (44%) of colorless oil.  The enantiomeric purity 
was confirmed by GC (Agilent β-cyclosil, 170 °C for 5 min, 0.5 °C/min to 210 °C, hold 5 
min): tR 47.7 min (major); 48.3 min (minor) as 87% ee.  1H NMR: (300 MHz, CDCl3) δ 7.67 
(d, 2 H, J = 8.1 Hz), 7.31 (d, 2 H, J = 7.8 Hz), 3.47 (d, 1 H, J = 9.0 Hz), 3.43 (d, 1 H, J = 9.0 
Hz), 3.07 (dd, 1 H, J = 9.0, 3.9 Hz), 2.96 (d, 2 H, J = 9.0 Hz), 2.43 (s, 3 H), 1.50 (h, 1 H, J = 
6.9 Hz), 1.18 (p, 1 H, J = 3.9 Hz), 0.86 (d, 3 H, J = 6.9 Hz), 0.78 (d, 3 H, J = 6.9 Hz), 0.50 
(dd, 1 H, J = 7.8, 5.1 Hz), 0.42 (t, 1 H, J = 4.5 Hz).  13C NMR (100 MHz, CDCl3) δ 143.3, 
133.9, 129.6, 127.4, 51.2, 50.4, 33.2, 30.1, 21.5, 20.2, 20.1, 19.5, 12.0. HRMS (ESI) [M + 
Na]+ calc. 302.12, found 302.20. 
[(R)-3,5-xylyl-BINAP)(PMe3)PtI][I] (24): To a solution of 250 mg ((R)-3,5-xylyl- 
BINAP)PtI2 (211 μmol) in 10 mL dichloromethane was added 21.5 μL PMe3 in 10 mL 
dichloromethane.  This solution was stirred for 30 min, the solvent removed under reduced 
pressure and the resulting solid washed several times with pentane to yield 263 mg (99%) of 
a yellow solid; 1H NMR: (400 MHz, CDCl3) δ 7.64 (m , 5 H), 7.37 (m, 7 H), 7.14 (m, 3 H), 
7.03, (t, 1 H, J = 8.0 Hz), 6.81 (br, 2 H), 6.63 (1 H, d, J = 10.0 Hz), 6.51 (m, 2 H,), 6.32 (m, 2 
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H), 2.44 (s, 4 H), 2.35 (s, 7 H), 2.20 (s, 4 H), 1.92 (s, 6 H), 1.76 (s, 3 H), 1.49 (m, 9 H); 
31P{1H} NMR: (161.9 MHz, CDCl3) δ 9.14 (dd, 1 P, J = 20.9, 417 Hz, 1JPt-P1 = 2361 Hz), 
4.12 (dd, 1 P, J = 16.5, 18.5 Hz, 1JPt-P2 = 3503 Hz), -14.0 (dd, 1 P, J = 15.4, 416 Hz, 1JPt-P3 = 
2351 Hz). 
Determination of Absolute Stereochemistry 
Double Stereodifferentiation Experiments: Typical cycloisomerization procedures 
were followed as above to convert β-citronellene (3) to cis-thujane (4) using both 
enantiomeric pairs of 21.  In separate experiments, initial cyclization rates were determined 
by GC analysis to give the relative rates of reaction shown in Scheme 2.4. 
23: To a suspension of Mg (30.4 mg, 1.25 mmol) in 2 mL MeOH (dried and distilled 
over Na) was added 20 (65.5 mg, 0.234 mmol) in 2 mL MeOH. The reaction mixture was 
stirred for 5 h at room temperature.  The reaction was hydrolyzed by the slow addition of 4 
mL brine and the aqueous phase was extracted three times with Et2O.  The Et2O solution was 
dried over MgSO4 and filtered through a 0.45 μ filter into oxalic acid (63 mg, 0.702 mmol) in 
2 mL Et2O. The reaction was stirred for 1 h, at which time a white precipitate formed.  The 
solution was decanted and the white solid washed with Et2O then dried in vacuo to afford 23 
in 30% yield (15 mg).  The enantiomeric purity was confirmed by optical rotation: [α]22546 =  
-22° (c 0.059, MeOH), lit.36 [α]22546 = -25°. 1H NMR was consistent with previously reported 
data.36   
 
 
 
 
 
 
Chapter 3 
Room Temperature β-H Elimination in (P2P)Pt(OR) Cations: 
Convenient Synthesis of a Platinum Hydride 
 
3.1  Introduction 
The ease with which a hydride transfers from the β-carbon atom of an alkyl chain to a 
metal producing a metal hydride (eq 3.1) is of fundamental importance to the reactivity and 
stability of organometallic transition-metal compounds.1  In some cases, β-H elimination is a 
productive step in transition metal-catalyzed processes such as Mizoroki-Heck reactions,2 
transition metal-catalyzed cycloisomerizations,3 alkane dehydrogenations,4 oxidative 
heterofunctionalizations of alkenes5 and alkene isomerizations.6
                                                          
1.  For general references on β-H elimination, see: (a) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. C. 
Principles and Applications of Organotransition Metal Chemistry; University Science Books: Mill Valley, CA, 
1987, p 383.  (b) Crabtree, R. H.  The Organometallic Chemistry of the Transition Metals, 4th ed; John Wiley: 
Hoboken, NJ, 2005; p 199.  (c) Cross, R. J.  In The Chemistry of the Metal-Carbon Bond; Hartley, F. R., Patai, 
S., Eds.; John Wiley: New York, 1985; Vol. 2, p 559. 
 
2.  Knowles, J. P.; Whiting, A. Org. Biomol. Chem. 2007, 5, 31-44. 
 
3.  (a) Aubert, C.; Buisine, O.; Malacria, M. Chem. Rev. 2002, 102, 813-834.  (b) Trost, B. M.; Krische, M. J. 
Synlett 1998, 1-16. 
 
4.  (a)  Goldman, A. S.; Roy, A. H.; Huang, Z.; Ahuja, R.; Schinski, W.; Brookhart, M.  Science 2006, 312, 257-
261.  (b) Gottker-Schnetmann, I.; White, P. S.; Brookhart, M.  J. Am. Chem. Soc. 2004, 126, 1804-1811. 
 
5.  Kotov, V.; Scarborough, C. C.; Stahl, S. S. Inorg. Chem. 2007, 46, 1910-1923. 
 
6.  Ohmura, T.; Yamamoto, Y.; Miyaura, N. Organometallics 1999, 18, 413-416. 
 
  The reverse reaction, olefin 
insertion into a metal-hydrogen bond, is also a key step in many catalytic cycles including 
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hydroformylation7 and hydrogenation.8  Despite its utility in catalytic transformations, β-H 
elimination can also be an unproductive side reaction; for example, it can lead to reduction 
rather than C-C bond formation in cross-coupling reactions.9
1
  The undeniable importance of 
understanding the elementary steps involved in formation and breaking of C-H and C-C 
bonds by reaction with a metal atom has led to extensive studies of both the forward and 
reverse reactions of eq 3.1 with a variety of transition metals,  including Pd(II) and Pt(II).1,10
10
  
For this reason, β-H elimination is a well-established reaction in P2PtR2, c,11 P2Pt(OR)R,12
12
 
and P2Pt(OR)2  complexes.13
 
   
                                                          
7.  (a) Heck, R. F.; Breslow, D. S. J. Am. Chem. Soc. 1961, 83, 1097-1102.  
 
8.  (a) Halpern, J.; Okamoto, T.; Zakhariev, A. J. Mol. Catal. 1977, 2, 65-68.  (b) Schrock, R. R.; Osborn, J. A. 
J. Am. Chem. Soc. 1976, 98, 2134-2143. 
 
9.  (a) Firsch, A. C.; Beller, M. Angew. Chem., Int. Ed. 2005, 44, 674-688.  (b) Miyaura, N.; Ishiyama, T.; 
Ishikawa, M.; Suzuki, A. Tetrahedron Lett. 1986, 27, 6369-6372. 
 
10.   (a) Clark, H. C.; Jablonski, C. R.  Inorg. Chem.  1974, 13, 2213-2218. (b) Clark, H. C.; Jablonski, C. R.; 
Wong, C. S. Inorg. Chem.  1975, 14, 1332-1335. (c) Hackett, M.; Whitesides, G. M.  J. Am. Chem. Soc.  1988, 
110, 1449-1462.  (d)  Halpern, J.  Inorg. Chim. Acta  1985, 100, 41-48.  (d) Whitesides, G. M.  Pure Appl. 
Chem.  1981, 53, 287-292.  (e) Yamamoto, A.; Yamamoto, T.; Komiya, S.; Ozawa, F.  Pure Appl. Chem.  1984, 
56, 1621-1634. (f) Braterman, P. S.; Cross, R. J.  Chem. Soc. Rev.  1973, 2, 271-294.  (e) Davidson, P. J.; 
Lappert, M. F.; Pearce, R.  Chem. Rev. 1976, 76, 219-242.  (g) Baird, M. C. J. Organomet. Chem. 1974, 64, 
289-300.  
 
11.  (a) Foley, P.; DiCosimo, R.; Whitesides, G. M. J. Am. Chem. Soc. 1980, 102, 6713-6725.  (b) Komiya, S.; 
Morimoto, Y.; Yamamoto, A.; Yamamoto, T. Organometallics 1982, 1, 1528-1536.  (c) McCarthy, T. J.; 
Nuzzo, R. G.; Whitesides, G. M. J. Am. Chem. Soc. 1981, 103, 3396-3403.  (d) Nuzzo, R. G.; McCarthy, T. J.; 
Whitesides, G. M. J. Am. Chem. Soc. 1981, 103, 3404-3410. (e) Whitesides, G. M.; Gaasch, J. F.; Stedronsky, 
E. R. J. Am. Chem. Soc. 1972, 94, 5258-5270. 
  
12.  (a) Bryndza, H. E. J. Chem. Soc., Chem. Commun. 1985,  1695-1698.  (b) Bryndza, H. E.; Joseph, C. C.; 
Marsi, M.; Roe, D. C.; Tam, W.; Bercaw, J. E. J. Am. Chem. Soc. 1986, 108, 4805-4813.  (c) Bryndza, H. E.; 
Kretchmar, S. A.; Tulip, T. H. J. Chem. Soc., Chem. Commun. 1985, 977-978. 
  
13.  Davies, J. A.; Hartley, F. R. Chem. Rev. 1981, 81, 79-90. 
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Accessing the lowest-energy pathways for β-H elimination requires the dissociation of a 
phosphine ligand to produce a coordinatively unsaturated T-shaped intermediate having a 
vacant coordination site for hydride migration11e although this is not a prerequisite for the 
process.14
11
  It has been possible to inhibit β-H elimination reactions using bidentate ligands 
(e.g, dppe, dppf) that disfavor phosphine dissociation thus blocking low-energy migratory 
deinsertion. e,12b  The effectiveness of this strategy depends on the identity of the other 
ligands.  For (dppe)PtEt2 stability up to 150 °C is observed (Scheme 3.1).  The asymmetric 
(dppe)Pt(OMe)Et decomposes at 100 °C while (dppe)Pt(OMe)2 is not stable at ambient 
temperature.12b  These β-H elimination pathways have been shown to proceed not through 
pre-equilibrium phosphine dissociation and rather require a higher energy 5-coordinate 
intermediate.  In these examples, the presence of the non-dissociating polar methoxy groups 
accelerated β-H elimination.  A similar effect has been shown by Strukul in the rapid, r.t. β-H 
elimination from a (dppe)(CF3)Pt(OR) complex.15
 
 
                                                          
14.  Ozawa, F.; Ito, T.; Yamamoto, A. J. Am. Chem. Soc. 1980, 102, 6457-6463. 
 
15.  Zennaro, R.; Pinna, F.; Strukul, G. J. Mol. Catal. 1991, 70, 269-275. 
 
Scheme 3.1 
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Tridentate ligands have been shown to similarly inhibit β-H elimination by blocking the 
cis positions required for low energy migratory deinsertion.16  This strategy has allowed for 
access to alternative reaction pathways when β-H elimination is undesirable,17
16
 including 
some catalytic Pt(II) alkene activation reactions. b,18,19
18
  Vitagliano and coworkers have 
demonstrated that (PPP)Pt+2 (PPP = triphos) catalyzes the intermolecular coupling of two 
alkenes, a  a transformation that is proposed to involve a Pt-alkyl intermediate that is stable 
to β-H elimination.  This stability allows for the observed carbocation rearrangement and 
subsequent product formation.  The Gagné lab has recently reported that dicationic platinum 
catalysts containing a bidentate/monodentate ligand array (P2P) can also effectively block 
migratory deinsertion and improve diene cycloisomerization reaction profiles (e.g, yield, 
diastereo- and enantioselectivity) as compared to first-generation PPP catalysts.20
A particularly useful experiment for probing the mechanism of the original (PPP)Pt+2-
catalyzed cycloisomerization reaction was to include in situ traps (benzyl alcohol) for 
  In the 
process of probing the mechanism of these cycloisomerizations catalyzed by the (P2P)Pt+2, a 
surprising observation regarding an intermediate species was made and is reported herein. 
3.2 Results and Discussion 
                                                          
16.  (a) Cucciolito, M. E.; D'Amora, A.; Vitagliano, A. Organometallics 2005, 24, 3359-3361.  (b) Hahn, C.; 
Morvillo, P.; Herdtweck, E.; Vitagliano, A. Organometallics 2002, 21, 1807-1818.  (c) Oestereich, M.; 
Dennison, P. R.; Kodanko, J. J.; Overman, L. E. Angew. Chem., Int. Ed. 2001, 40, 1439-1442.  (d) Zhang, L.; 
Zetterberg, K. Organometallics 1991, 10, 3806-3813.  (e) Arnek, R.; Zetterberg, K. Organometallics 1987, 6, 
1230-1235.  (f) Arai, I.; Daves, G. D. J., Jr. J. Am. Chem. Soc. 1981, 103, 7683. 
 
17.  (a) Zhou, J.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 14726-14727.  (b) Fischer, C.; Fu, G. C. J. Am. Chem. 
Soc. 2005, 127, 4594-4595.  (c) Arp, F. O.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 10482-10483. 
 
18.  (a) Hahn, C.; Cucciolito, M. E.; Vitagliano, A. J. Am. Chem. Soc. 2002, 124, 9038-9039.  (b) Koh, J. H.; 
Gagné, M. R. Angew. Chem., Int. Ed. 2004, 43, 3459-3461. 
  
19.  (a) Kerber, W. D.; Gagné, M. R. Org. Lett. 2005, 7, 3379-3381.  (b) Kerber, W. D.; Koh, J. H.; Gagné, M. 
R. Org. Lett. 2004, 6, 3013-3015. 
  
20.  Feducia, J. A.; Campbell, A. N.; Doherty, M. Q.; Gagné, M. R. J. Am. Chem. Soc. 2006, 128, 13290-13297. 
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putative carbocation intermediates (eq 3.2).  Similar trapping experiments on second-
generation P2P cyclopropanation catalysts unexpectedly diverged, and no Pt alkyl species 
was observed.  Instead, a new (BINAP)(PMe3)Pt species was generated with a JPt-P of 2200 
Hz (31P NMR) for the phosphorus trans to the new ligand (eq 3.3).  When the alcohol was 
changed to either phenol or methanol, the same species was observed.  Particularly 
informative was the 1H NMR which showed a diagnostic platinum hydride resonance at -5.2 
ppm, suggesting [(BINAP)(PMe3)Pt-H][BF4] , 1, as the structure (Figure 3.1).   
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To determine the source of the hydride, [(BINAP)(PMe3)PtI][I] (2) was stirred with 2.5 
equiv AgBF4 and 20 equiv of benzyl alcohol in nitromethane.  The reaction cleanly generated 
1 and benzaldehyde, indicating that benzyl alcohol likely served as the hydride source (eq 
3.4); ethanol and 2-propanol similarly afforded the hydride.  A generic mechanism for 
hydride formation is shown  in Scheme 3.2, with the key step being β-H elimination from an 
alkoxide (or an alcohol) intermediate.  We are unable to distinguish between these two 
possibilities, as the reaction is fast both with and without an added weak base (Ph2NH).  The 
alkoxide route is favored simply because hydride migration from a coordinated alcohol 
would generate aldehyde bound to both an electrophilic Pt Lewis acid and H+.21
                                                          
21.  A counterpoint to this notion is that dicationic P2Pt+2 Lewis acids can function with a Brønsted co-catalyst 
in certain electrophilic activation reactions on aldehydes; see: Mullen, C. A.; Gagné, M. R. Org. Lett. 2006, 8, 
665-668.  Regardless, this discussion explicitly assumes a key alkoxide intermediate. 
 
 
Figure 3.1.  1H NMR spectrum of 1 in the hydride region (δ = -5.2 ppm)  
 
JP-H = 6 Hz 
JP-H = 23 Hz 
JP-H = 169 Hz 
JPt-H = 941 Hz 
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In contrast to the in situ carbocyclization trapping experiments in eq 3.3, direct reaction 
of phenol and methanol with (BINAP)(PMe3)Pt+2 did not yield 1.  The source of the hydride 
in the former cases was separately traced to the amine base (Ph2NMe), which, in the absence 
of alcohol, generates 1 on reacting with the dication.  In this case, a β-H elimination to 
generate the N,N´-diphenyliminium ion is envisioned (Scheme 3.3);22
 
  switching to Ph2NH 
completely suppresses hydride formation (no β-hydrogens). 
An X-ray structure of 1 was obtained (Figure 3.2) by slow vapor diffusion of pentane to 
an acetone solution.  Chlorinated solvents were not suitable for crystallization because 1 was 
readily converted to the platinum chloride.  Pt-H and Pt-P bond lengths are similar to related 
platinum hydride species.23  The Pt-P bond trans to the hydride is about 0.1 Å longer than the 
Pt-P bond trans to the chloride in the analogous chloride structure.24
                                                          
22.  The imminium ion was not observed. 
 
 
23. Selected, similar platinum-hydride structures:  (a) Clark, H. C.; Dymarski, M. J.; Oliver, J. D. J. Organomet. 
Chem. 1978, 154, C40-C42.  (b) Manojlovic-Muir, L.; Jobe, I. R.; Ling, S. S. M.; McLennan, A. J.; Puddephatt, 
R. J. J. Chem. Soc., Chem. Commun. 1985, 1725-1726.  (c) Alonso, E.; Fornies, J.; Fortuno, C.; Martin, A.; 
Scheme 3.3 
 
Scheme 3.2 
 
49 
 
 
Interestingly, this route to the Pt-hydride seemed to be limited to compounds containing 
biaryl-linked diphosphine ligands.  Platinum complexes containing BINAP/PMe3, xylyl-
BINAP/PMe3 and SEGPHOS/PMe3 ligand arrays all successfully generated the respective 
platinum hydrides on reacting with benzyl alcohol, while dppm/PMe3, dppe/PMe3, and 
triphos did not.  Phosphorus-platinum coupling constants suggest that these species weakly 
coordinated the alcohol25
                                                                                                                                                                                    
Orpen, A. G. Organometallics 2001, 20, 850-859.  (d) Jaska, C. A.; Lough, A. J.; Manners, I. Dalton Trans. 
2005, 326-331.  (e) Packett, D. L.; Syed, A.; Trogler, W. C. Organometallics 1988, 7, 159-166. 
 
24.  Campbell, A. N.; Gagné, M. R. Organometallics 2007, 26, 2788-2790. 
 
25.  (a) Alcock, N. W.; Platt, A. W. G.; Pringle, P. G. J. Chem. Soc., Dalton Trans. 1989, 139-143.  (b) Alcock, 
N. W.; Platt, A. W. G.; Pringle, P. G. J. Chem. Soc., Dalton Trans. 1987, 2273-2280.  (c) Alcock, N. W.; Platt, 
A. W. G.; Pringle, P. G. Inorg. Chim. Acta 1987, 128, 215-216. 
 but did not facilitate the subsequent β-H elimination.  Table 3.1 
 
Figure 3.2.  ORTEP representation of 1.  BF4- counterion is not shown.  Selected bond lengths (Å): 
Pt-H = 1.682, Pt-P1 = 2.2944(12), Pt-P2 = 2.3472(12), Pt-P3 = 2.2966(12).  Selected bond angles 
(deg): P1-Pt-P2 = 92.17, P2-Pt-P3 = 101.45. 
P1 
P2 
P3 
Pt 
H 
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collects the diagnostic JPt-P for the phosphorus trans to the variable site; the PMe3 chemical 
shift was sensitive to the charge on the fourth ligand and is included as well. 
 
The utility of 1 to function as a convenient (Ag+ -free) precursor to highly reactive 
(P2P)Pt+2 catalysts was investigated.  Protonolysis of (PPP)Pt+-CH3 was found to be a 
convenient method of catalyst activation; similar protonolysis experiments on (P2P)Pt+-CH3 
were very sluggish. 26  HBF4 and HNTf2 were each able to protonolyze off the hydride in the 
presence of a suitable trapping ligand (acetone or pentafluorobenzonitrile) (Scheme 3.4).  
However, [Ph2NH2][BF4] (pKa = 0.8)27
 
 was not acidic enough to initiate similar reactivity. 
 Th
e rapid β-H elimination of the described platinum-alkoxides significantly contrasts with 
                                                          
26.  Feducia, J. A.; Campbell, A. N.; Anthis, J. W.; Gagné, M. R. Organometallics 2006, 25, 3114-3117. 
 
27.  Measured in aqueous HCl.  See: (a) Dolman, D.; Stewart, R. Can. J. Chem. 1967, 45, 903-910.  (b) Stewart, 
R.; Dolman, D. Can. J. Chem. 1967, 45, 925-928. 
 
Scheme 3.4 
 
Table 3.1.  Selected JP-Pt coupling constants for the phosphine trans to X/L 
(BINAP)(PMe3)Pt+2-X/L JPt-P (Hz) chemical shift of PMe3 (ppm)
a,b 
X = alkyl- 1700 -10 
H- 2200 -15.6 
I- 3510 -13.9c 
L = NCC6F5 3650 -3.5 
acetone 4020 2.1 
"MeOH"d 4100 2.8 
 a In CD3NO2 unless otherwise noted; the counterion is BF4-.  b Externally 
referenced to 85% H3PO4.  c in CDCl3.  d Tenative assignment based on JPt-P. 
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comparably ligated platinum-alkyl compounds which do not β-H eliminate up to 70 °C.  As 
previously noted, Bercaw and Bryndza have noted the polarizing influence of electronegative 
substituents on β-H elimination from 16-electron neutral P2PtX2 complexes: (dppe)Pt(OMe)2 
(25 °C) > (dppe)Pt(OMe)(Et) (100 °C) > (dppe)PtEt2 (150 °C) (Scheme 3.1).  Mechanistic 
studies implicated a pre-equilibrium β-H elimination to an 18-electron, five coordinate 
(dppe)Pt(H)OMe(H2C=O) intermediate, which reacted by competitive loss of MeOH or 
formaldehyde.  Similarly, Strukul has shown that β-H elimination is rapid at r.t. in 
(dppe)Pt(CF3)(OR) complexes, which act as efficient oxidation catalysts in the presence of 
H2O2.15  The electron-deficient CF3 ligand presumably increased the metal’s electrophilicity, 
which increased the rate of β-H elimination (cf. (dppe)Pt(OMe)Et, which does not react until 
100 °C).  The studies reported herein and those by others have led to the proposal that the 
combination of a cationic metal and an alkoxide ligand generates a sufficiently electrophilic 
complex to enable rapid β-H elimination and provide 1 at r.t.  The analogous alkyl 
complexes lacking such an electronegative substituent do not readily β-H eliminate.  The 
situation may be more complex than this, since not all (P2P)Pt+2 complexes generated the 
hydride.  The complexes known to β-H eliminate at r.t. are collected in Chart 3.1.   
  
 
 
Chart 3.1 
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3.3 Conclusions 
In summary, a convenient method for the synthesis of chiral (P2P)Pt-H cations was 
reported.  While similarly ligated platinum-alkyl species were stable to β-H elimination, even 
at elevated temperatures, the analogous (P2P)Pt+-OR complex rapidly underwent β-H 
elimination at room temperature.  Although the β-H elimination was limited to platinum 
complexes containing biaryl phosphine ligands, the resultant (P2P)Pt+-H compounds were 
found to be susceptible to protonolysis and could be readily substituted by a weakly 
coordinating ligand (acetone, pentafluorobenzonitrile). 
3.4  Experimental  
General Methods.  Synthetic procedures were performed in a dinitrogen-filled MBraun 
Labmaster 100 glovebox.  CH2Cl2 was sparged with dry argon and passed through a column 
of activated alumina.  Acetone was distilled from CaSO4 and freeze-pump-thaw degassed.  
MeNO2 was purified according to literature procedures which removes trace propionitrile 
from the commercial material.28  CD3NO2 and Ph2NMe were distilled from CaH2 and freeze-
pump-thaw degassed prior to use.  HNTf2 and phenol were sublimed under vacuum.  
Anhydrous benzyl alcohol, methanol, ethanol and 2-propanol were used as received from 
Aldrich.  P2PtI2 was prepared by stirring equimolar quantities of the bidentate phosphine with 
(COD)PtI229
                                                          
28.  Parrett, F. W.; Sun, M. S. J. Chem. Educ. 1977, 54, 448-449. 
 
29.  Clark, H. C.; Manzer, L. E. J. Organomet. Chem. 1973, 59, 411-428.  
 
 (COD = 1,5-cyclooctadiene) in CH2Cl2 and then precipitating with pentane.  
[(R)-BINAP(PMe3)PtI][I] was prepared by adding 1 equiv PMe3 to ((R)-BINAP)PtI2 in 
MeNO2 as previously reported.  NMR spectra were recorded on either a Bruker 400 MHz 
DRX or a Bruker 300 MHz AMX spectrometer; chemical shifts are given in ppm and are 
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referenced to residual solvent resonances (1H, 13C) or an external 85% H3PO4 standard (31P).  
Elemental analysis was performed by Robertson Microlit Labs. 
 [((R)-BINAP)(PMe3)PtH][BF4] (1): To a solution of 70 mg [((R)-BINAP)(PMe3)PtI][I] (61 
µmol)  in 0.5 mL MeNO2 was added 126 µL benzyl alcohol (1.22 mmol) and 30 mg AgBF4 
(152  µmol).  The mixture was stirred for 15 min at 23 °C, diluted with CH2Cl2 and filtered 
through a 0.45 µm PTFE syringe filter.  The solution was then washed three times with 
distilled water.  The organic fraction was dried over Na2SO4, filtered and concentrated in 
vacuo.  The crude material was dissolved in CH2Cl2 and precipitated with n-pentane five 
times until no benzyl alcohol remained by 1H NMR.  The purified solid was dried under 
vacuum to yield 45 mg (64%) of a white solid; 1H NMR (400 MHz, CDCl3) δ 7.97-6.49 (m, 
32H), 1.33 (m, 9H); 31P NMR: (161 MHz, CDCl3) δ 28.56 (dd, 1P, JP-P = 21, 352 Hz, 1JP-Pt = 
2616 Hz), 17.46 (dd, 1P, JP-P = 20, 21 Hz, 1JP-Pt = 2020 Hz), -17.65 (dd, 1P, JP-P = 20, 352 
Hz, 1JP-Pt = 2464 Hz).  Anal. Calcd. for C47H42BF4P3Pt: C, 57.51; H, 4.31.  Found: C, 57.23; 
H, 4.12. 
[((rac)-BINAP)(PMe3)PtCl][BF4] (2): Slow vapor diffusion of n-pentane to a solution of 1 
in CDCl3 yielded X-ray quality crystals of [((rac)-BINAP)(PMe3)PtCl][BF4].30
Platinum-hydride cleavage reactions:  In a typical reaction, to 15 mg [((R)-
BINAP)(PMe3)PtH][BF4] (15.3 µmol) in CD3NO2 was added 1 equiv acid (HNTf2, HBF4, 
[Ph2NH2][BF4]) or [Ph3C][BF4])  and 5 equivs NCC6F5 or 5 equivs acetone.  Disappearance 
of the hydride resonance was monitored by 1H NMR and the appearance of a new platinum 
species (either the nitrile or acetone adduct) was observed by 31P NMR.   
 
                                                          
30.  During crystallization attempts of 1, the presence of chlorinated solvents (particularly chloroform and 
dichloromethane) led to the formation of [(BINAP)(PMe3)PtCl][BF4], which selectively crystallized. 
 
 
 
 
 
Chapter 4 
 Mechanistic Insight into a Platinum-Catalyzed Oxidative Cyclization: 
Intermediates, Resting States and Model Hydride Reactivity 
 
 
4.1.  Introduction 
The development of biomimetic polyolefin cascade reactions is a particularly 
challenging problem in reaction design.  The efficiency, specificity and selectivity with 
which cyclase enzymes can prepare complex cyclic terpenes from polyene precursors has 
motivated efforts to develop similarly powerful synthetic methodologies.  Attempts at 
achieving enzyme-like selectivities have focused on protonation with Brønsted acids,1 
ionization with Lewis acids,2 and even addition of Hg2+ to polyolefin starting materials (eqs 
4.1-4.3).3
                                                          
1.  (a) Johnson, W. S. Acc. Chem. Res. 1968, 1, 1-8.  (b) Johnson, W. S. Angew. Chem., Int. Ed. 1976, 15, 9-17.  
(c) Corey, E. J.; Lee, J. J. Am. Chem. Soc. 1993, 115, 8873-8874.  (d) Corey, E. J.; Lin, S. J. Am. Chem. Soc. 
1996, 118, 8765-8766.  (e) Corey, E. J.; Wood, H. B. J. Am. Chem. Soc. 1996, 118, 11982-11983.  (f) Johnson, 
W. S.; Bartlett, W. R.; Czeskis, B. A.; Gautier, A.; Lee, C. H.; Lemoine, R.; Leopold, E. J.; Luedtke, G. R.; 
Bancroft, K. J. J. Org. Chem. 1999, 64, 9587-9595.  (g) Mi, Y.; Schreiber, J. V.; Corey, E. J. J. Am. Chem. Soc. 
2002, 124, 11290-11291. 
 
2.  (a) Nakamura, S.; Ishihara, K.; Yamamoto, H. J. Am. Chem. Soc. 2000, 122, 8131-8140.  (b) Ishihara, K.; 
Ishibashi, H.; Yamamoto, H. J. Am. Chem. Soc. 2002, 124, 3647-3655. 
 
3.  (a) Hoye, T. R.; Kurth, M. J. J. Am. Chem. Soc. 1979, 101, 5065-5067.  (b) Nishizawa, M.; Takenaka, H.; 
Hayashi, Y. J. Org. Chem. 1986, 51, 806-813. 
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The greatest challenge to overcome with nonenzymatic polycyclizations is controlling 
the diastereo- and enantioselectivity of the cyclization products.  While enzymes enjoy the 
ability to direct the cyclization of polyolefins, nonenzymatic processes have struggled to 
achieve stereocontrol in similar reactions.  A limited number of asymmetric methods exist for 
the cyclization of polyolefins and include the chiral Brønsted-Lewis acids (BLA) of 
Yamamoto (eq 4.4),4 the halocyclization of polyprenoids of Ishihara (eq 4.5),5 and the recent 
TiCl4/chiral N-acetal promoter by Loh (eq 4.6).6
                                                          
4.  (a) Ishibashi, H.; Ishihara, K.; Yamamoto, H. J. Am. Chem. Soc. 2004, 126, 11122-11123.  (b) Kumazawa, 
K.; Ishihara, K.; Yamamoto, H. Org. Lett. 2004, 6, 2551-2554.  (c) Grütter, C.; Alonso, E.; Chougnet, A.; 
Woggon, W.-D. Angew. Chem., Int. Ed. 2006, 45, 1126-1130.  (d) Uyanik, M.; Ishihara, K.; Yamamoto, H. 
Org. Lett. 2006, 8, 5649-5652. 
 
5.  (a) Sakakura, A.; Ukai, A.; Ishihara, K. Nature 2007, 445, 900-903.  (b) Sakakura, A.; Ishihara, K. Chim. 
Oggi 2007, 25, 9-12. 
 
6.  Zhao, Y.-J.; Loh, T.-P. J. Am. Chem. Soc. 2008, 130, 10024-10029. 
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An alternative to traditional BLA catalysts and reagents is the use of transition metal 
catalysts.  In particular, electrophilic group 10 metals are well-known to activate olefins 
toward nucleophilic addition.7,8,9
                                                          
7.  (a) Hegedus, L. S. In Transition Metals in the Synthesis of Complex Organic Molecules. University Science 
Books: Mill Valley, CA, 1994; p 199-236.  (b) Hegedus, L. S. In Comprehensive Organic Synthesis, Trost, B. 
M.; Fleming, I., Eds.  Pergamon Press: Oxford, 1990; Vol. 4, p 571-583. 
 
8.  For examples of Pd(II) activation of alkenes for nucleophilic attack, see:  (a) Zeni, G.; Larock, R. C.  Chem. 
Rev. 2004, 104, 2285-2309.  (b)  Beletskaya, I. P.; Cheprakov, A. V.  Chem. Rev.  2000, 100, 3009-3066.  (c) 
Hahn, C.  Chem Eur. J.  2004, 10, 5888-5899.  (d) Minatti, A.; Mũniz, K.  Chem. Soc. Rev.  2007, 36, 1142-
1152.  (e) Michael, F. E.; Cochran, B. M.  J. Am. Chem. Soc.  2006, 128, 4246-4247.  (f) Michael, F. E.; 
Cochran, B. M.  J. Am. Chem. Soc.  2008, 130, 2786-2792. 
 
9.  For examples of Pt(II) activation of alkenes for nucleophilic attack, see: (a) Hahn, C.; Cucciolito, M. E.; 
Vitagliano, A. J. Am. Chem. Soc. 2002, 124, 9038-9039. (b) Liu, C.; Bender, C. F.; Han, X.; Widenhoefer, R. A.  
Chem. Commun.  2007, 3607-3618 and references therein.  (c)  Karshtedt, D.; Bell, A. T.; Tilley, T. D.  J. Am. 
Chem. Soc.  2005, 127, 12640-12646.  (d)  Brunet, J.-J.; Chu, N. C.; Diallo, O.  Organometallics  2005, 24, 
3104-3110. (e) McKeown, B. A.; Foley, N. A.; Lee, J. P.; Gunnoe, T. B.  Organometallics, 2008, 27, 4031-
4033. 
 
  Contrasting soft Lewis acids like Hg(II) and Ag(I) is the 
unique preference of group 10 metal complexes (e.g., Pt(II) and Pd(II)) to coordinate/activate 
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the least substituted alkene.10  This preferential activation has been used to direct the point of 
coordination and activation to the terminus in substrates such as 1.  In such a way, 
(PhCN)2PdCl2 in combination with benzoquinone (BQ) catalyzed the oxidative cyclization of 
polyenes (eq 4.7).11  Although diastereoselectivity was high, the regioselectivity was 
problematic, owing to alkene isomerization after β-H elimination.   In addition, all attempts 
to develop an asymmetric variant of the reaction failed.12
 
   
Pt(II) complexes have also been reported to efficiently initiate cation-olefin 
transformations.  When (tris-phosphine)Pt-dications were used to cyclize substrates such as 
1, the resulting cyclic Pt-alkyl cation was stable to β-H elimination because there were no 
open cis coordination sites to provide a low energy pathway to hydride migration, and the 
reaction did not turnover (eq 4.8).13
 
  The cyclized organic product could, however, be 
recovered by reductive cleavage with NaBH4. 
                                                          
10.  (a) Chianese, A. R.; Lee, S. J.; Gagné, M. R. Angew. Chem., Int. Ed. 2007, 46, 4042-4059.  (b) Pizzo, E.; 
Sgarbossa, P.; Scarso, A.; Michelin, R. A.; Strukul, G.  Organometallics 2006, 25, 3056-3062.  (c) Cucciolito, 
M. E.; D’Amora, A.; Vitagliano, A.  Organometallics 2005, 24 3359-3361.  (d) Liu, C.; Han, X.; Wang, X.; 
Widenhoefer, R. A.  J. Am. Chem. Soc.  2004, 126, 3700-3701. (e) Overman, L. E.; Knoll, F. M.  J. Am. Chem. 
Soc.  1980, 102, 865-867. 
 
11.  (a) Koh, J. H.; Mascarenhas, C.; Gagné, M. R. Tetrahedron 2004, 60, 7405-7410.  (b) Korotchenko, V. N.; 
Gagne, M. R. J. Org. Chem. 2007, 72, 4877-4881. 
 
12.  Catalytic activity, unfortunately, is severely inhibited by added ligands. 
 
13.  Koh, J. H.; Gagné, M. R. Angew. Chem., Int. Ed. 2004, 43, 3459-3461. 
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It was recently reported that opening a cis coordination site on platinum by using a bi- 
rather than tridentate phosphine enabled β-H elimination from a Pt-alkyl intermediate and 
release of oxidatively cyclized product (Scheme 4.1).14
10
  Conversion of the putative Pt-
hydride species to the active dication was not well precedented. a  Traditional M(0) to M(II) 
reoxidizing agents such as benzoquinone, O2, CuCl2, etc. all failed for this reaction.  
However, hydride abstraction by Ph3CBF4 from the Pt-hydride species was found to turn the 
catalytic cycle over.15,16
 
  A more convenient Ph3C+ source was trityl methyl ether 
(Ph3COMe) which generated Ph3C+ and MeOH upon reacting with the H+ expelled after 
cyclization.  The catalyst generated 2 with complete diastereo- and regioselectivity, 
contrasting the less selective palladium-based method (eq 4.7).   
                                                          
14.  Mullen, C. A.; Gagné, M. R. J. Am. Chem. Soc. 2007, 129, 11880-11881. 
 
15.  (a) Cheng, T.-Y.; Bullock, R. M. J. Am. Chem. Soc. 1999, 121, 3150-3155.  (b) Cheng, T.-Y.; Bullock, R. 
M. Organometallics 2002, 21, 2325-2331.  (c) Cheng, T. Y.; Szalda, D. J.; Zhang, J.; Bullock, R. M. Inorg. 
Chem. 2006, 45, 4712-4720.  (c) Cheng, T. Y.; Brunschwig, B. S.; Bullock, R. M. J. Am. Chem. Soc. 1998, 120, 
13121-13137. 
 
16.  For examples of H-atom abstraction by trityl cation, see: (a) Hayes, J. C.; Cooper, N. J. J. Am. Chem. Soc. 
1982, 104, 5570-5572.  (b) Choi, J.; Tang, L.; Norton, J. R. J. Am. Chem. Soc. 2007, 129, 234-240. 
 
Scheme 4.1 
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Also contrasting the palladium-based methodology (eq 4.7) was the ability to render the 
reactions enantioselective.  Recently, it was reported that (xylyl-phanephos)Pt-dications will 
oxidatively cyclize dienyl and trienyl alcohols with up to 87% ee, giving an added dimension 
of stereocontrol.17
General Observations.  It has been previously demonstrated that highly polar nitro-
containing solvents were crucial for achieving good yields and high reaction rates in Pt-
dication mediated olefin cyclizations.
   
Because these oxidative cyclizations are a powerful method for the stereoselective 
synthesis of polycyclic products from poly-enes, and because the turnover of the catalyst 
hinges on a unique re-oxidation step, further investigation into the mechanism was 
warranted.  Reported herein are the results of a detailed mechanistic investigation into the 
processes involved in this transformation including characterization and reactivity of 
catalytically relevant intermediates. 
4.2. Results 
9a,10c,18,19
                                                          
17.  Mullen, C. A.; Campbell, A. N.; Gagné, M. R. Angew. Chem., Int. Ed. 2008, 47, 6011-6014. 
 
18.  Cucciolito, M. E.; D'Amora, A.; Tuzi, A.; Vitagliano, A. Organometallics 2007, 26, 5216-5223. 
 
19.  Kerber, W. D.; Gagné, M. R. Org. Lett. 2005, 7, 3379-3381 
  The reaction studied herein was no exception, 
with nitromethane and nitroethane giving the best reaction rates and yields.  Additionally, for 
the chiral xylyl-phanephos catalyst, nitromethane (70% ee), nitroethane (75% ee), 1-
nitropropane (74% ee) and 2-nitropropane (71% ee) were screened as possible solvents for 
the enantioselective synthesis of 2.  Again, all solvents led to comparable rates, but 
nitroethane was optimal with respect to enantioselectivity.  However, for the purpose of the 
mechanistic studies, nitromethane was chosen due to the availability of CD3NO2 for reaction 
monitoring by 1H NMR.    
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The active Pt-dication catalysts were generated by the addition of 2.5 equiv AgBF4 to 
P2PtI2 (P2 = diphosphine) in MeNO2.  This activation resulted in halide abstraction to 
generate a P2Pt+2-nitromethane adduct as observed by 31P NMR (typical JPt-P ~ 4000 Hz).  
The addition of 10 equiv of 1, 21 equiv of a Ph3COMe source and 1 equiv of Ph2NH led to 
the formation of 2 after stirring for 8 h at r.t. (Scheme 4.1).  As previously reported, resin 
bound Ph3COMe was preferable for improving isolated product yields due to easy removal of 
trityl products.14  However, for the results presented in this report, the solubility of unbound 
Ph3COMe was preferable.  A catalytic amount of Ph2NH was not necessary but improved 
product yields by mediating the transfer of the proton (ejected by the cyclization of 1) to the 
Ph3COMe and preventing the formation of HBF4, which gave acid mediated byproducts. 
31P NMR proved to be particularly useful for the in situ monitoring of catalytic reactions 
and the identification and characterization of Pt intermediates.  The combination of chemical 
shift data and JPt-P coupling constants provided a means of identifying intermediates.  The JPt-
P for a phosphorus resonance is sensitive to the trans ligand, giving characteristic coupling 
constants. 
For the isolation of Pt intermediates, the use of piperidinomethyl polystyrene resin 
provided a facile way of removing base from the final product.  The preparation of Pt 
intermediates was not as sensitive to solvent as catalytic reactions and CH2Cl2 was, in many 
cases, used in place of MeNO2 for improved yields upon isolation and purification. 
Achiral Catalysts.  Mechanistic studies were initiated using (dppe)Pt-dication, the best 
catalyst for achiral oxidative cyclizations.14  The achiral ligand simplified early studies by 
avoiding the formation of diastereomeric platinum species.  In previously studies, 
[(dppe)Pt(NCC6F5)2][BF4]2 was a convenient catalyst precursor as it did not require 
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activation with silver salts (JPt-P = 3610 Hz).  The nitrile was weakly bound and readily 
displaceable by the terminal olefin of 1 to initiate cyclization.  When 
[(dppe)Pt(NCC6F5)2][BF4]2 was treated with a stoichiometric quantity of 1 and resin-bound 
base at 0°C (eq 4.9), a single, asymmetric platinum species was formed by 31P NMR.  The 
downfield phosphorus resonances showed a JP-Pt of 1483 Hz, indicative of phosphorus trans 
to an alkyl,13 and the cyclized organic fragment bound to Pt was confirmed by 1H NMR.  The 
upfield phosphorus resonance exhibited an unusually large JP-Pt of 4609 Hz, indicative of a 
very weakly bound trans ligand.  We initially assigned this complex as a β-agostic structure 
based on similar compounds reported by Spencer which also exhibit these unusually large 
coupling constants.20  Unlike the Spencer work however, no upfield agostic hydrogen 
resonances were detected in the 1H NMR (-70 to 0 °C).  Efforts to prepare the complex in the 
absence of nitrile were unsuccessful, even at very low temperatures (-78 °C).  Furthermore, it 
was observed that the stability of the compound depended on the nitrile concentration and 
that one equivalent of nitrile was associated (19F NMR).  Together, these results suggested a 
Pt-alkyl/nitrile species rather than the originally envisioned agostic structure.  Indeed, when 
the model compound [(dppe)Pt(Me)(NCC6F5)][BF4] was prepared, it exhibited an unusually 
large JP-Pt (31P NMR) for the phosphorus trans to the nitrile (4353 Hz).21
                                                          
20.  (a) Mole, L.; Spencer, J. L.; Carr, N.; Orpen, A. G. Organometallics 1991, 10, 49-52.  (b) Carr, N.; Dunne, 
B. J.; Orpen, A. G.; Spencer, J. L. J. Chem. Soc., Chem. Commun. 1988, 926-928. 
 
21.  The JP-Pt for [(dppe)Pt(NCC6F5)2][BF4] is 3800 Hz, almost 1000 Hz lower than the coupling observed for  
3a. 
  Based on these 
data, the intermediate has been reassigned to be the Pt-alkyl/nitrile, 3a (eq 4.9).  
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The alkyl/nitrile species was stable at 0 °C but underwent β-H elimination at r.t. to give 
the oxidative cyclization product, 2, and a putative Pt-hydride intermediate.  This Pt-hydride 
species could not be directly observed as it quickly decomposed to platinum mirror.   
Although 3a was unstable above 0 °C, a stable chloro/alkyl derivative, 4, could be 
prepared by the addition of Me4NCl (0 °C).  This compound was characterized by X-ray 
diffraction and is shown in Figure 4.1.  The stereochemistry of the product was consistent 
with a Stork-Eschenmoser controlled reactivity of the internal alkene (E alkenes give trans 
ring junctions).22
                                                          
22.  Yoder, R. A.; Johnston, J. N. Chem. Rev. 2005, 105, 4730-4756. 
  Like every structure thus far determined in the Gagné lab, the Pt occupies 
an equatorial position on the ring, the result of a chair-chair cyclization conformer, (Figure 
4.1, A).    
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Biaryl chiral catalysts.  To explore systems relevant to asymmetric catalysis, platinum 
complexes with biaryl phosphine ligands (e.g. BINAP, xylyl-BINAP, xylyl-MeO-BIPHEP) 
were examined.  As in the case of dppe, when [(BINAP)Pt(NCC6F5)2][BF4]2 (JPt-P = 3720 
Hz) was treated with a stoichiometric quantity of 1 and base at 0 °C, a Pt-alkyl/nitrile species 
was formed (3b).  The P-Pt coupling constants (JPt-P = 1531 and 4867 Hz) were similar to 3a 
and were also in agreement with the model compound [(BINAP)Pt(Me)(NCC6F5)][BF4] (JPt-P 
= 1783 and 4546 Hz).   
 
 
Figure 4.1.  ORTEP representation of the X-ray structure of 4.  BF4 anion has been removed for clarity.  
Selected bond lengths (Å): Pt-P1 = 2.1978(15), Pt-P2 = 2.3219(15), Pt-C1 = 2.141(6), Pt-Cl = 2.3798(15).  
Selected bond angles (deg): P1-Pt-P2 = 85.94(5), P2-Pt-Cl = 96.27(6), Cl-Pt-C1 = 90.4(2), C1-Pt-P1 = 
87.6(2).  
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Unlike 3a, however, 3b existed as two diastereomers by 31P NMR, a result of the 
stereochemically matched and mismatched combination of the trans ring junction and the 
chiral phosphine.  The diastereomer ratio (dr) was 1:1 for BINAP and 1.8:1 for xylyl-BINAP 
or xylyl-MeO-BIPHEP (3c).  Reacting 3c with NaBH4 reductively liberated the tricyclic 
fragment and chiral GC analysis of 2-H2 indicated an enantiomeric ratio (er) of 1.8:1, in 
agreement with the dr of the organo-platinum precursor 3c (Scheme 4.2).  This also 
confirmed that the two isomers observed by 31P NMR were, in fact, diastereomers.  
Interestingly, this contrasted 2’s catalytic er (2.85:1) when these ligands were used in 
catalysis.  When an in situ generated sample of 3c was warmed to r.t. under single turnover 
conditions (only trityl cation was missing), β-H elimination generated 2 with an er (2.6:1) 
that nearly matched the catalytic er (2.85:1) and contrasted the value determined in the 
NaBH4 cleavage studies (er = 1.8:1).  However, when the same reaction was carried out after 
removing the [Ph2NH2][BF4] generated on phenol trapping, 2 was formed with an er (1.8:1) 
that matched the dr of 3c (1.8:1) but not the catalytic er (2.85:1).   
 
These observations are inconsistent with an irreversible, stereochemistry-determining 
cascade cyclization and suggested that a proton-coupled reversible cyclization was operative. 
Scheme 4.2   
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This pre-equilibrium served to enantiomerize the carbocyclic fragment prior to a post-
cyclization stereochemistry determining event.  This unusual situation23
17
 reconciled the 
difference between the dr of the platinum species and the er of the catalytic product (Scheme 
4.3).  
 
Like 3a, warming of 3b to r.t. resulted in β-H elimination to form 2 and a putative Pt-
hydride intermediate.  While a Pt-hydride could not be directly observed, the addition of 
norbornene to 3b at 0 °C and warming to r.t. resulted in the formation of a Pt-norbornyl 
agostic complex 5 (JPt-P = 2853, 5506 Hz, with a hydride resonance at -1.4 ppm in the 1H 
NMR,20a presumably by norbornene trapping of the putative hydride (Scheme 4.4). 
 
                                                          
23.  Feducia, J. A.; Gagné, M. R. J. Am. Chem. Soc. 2008, 130, 592-599. 
Scheme 4.4 
 
Scheme 4.3  
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Unlike in situ solutions of 3b which were reasonably stable under the synthesis 
conditions, isolated 3b was considerably more sensitive to decomposition (β-H elimination) 
after isolation.  By observing the rate of converting isolated 3b to the norbornyl agostic, 5, as 
a function of nitrile concentration, the exogenous nitrile in the original reaction mixture was 
shown to be responsible for the enhanced stability of 3b (Table 1).  The time to 50% 
conversion to 5 (t50%) was determined by 31P NMR and found to increase with increasing 
nitrile concentration.  In contrast, added 1 had no effect on the t50% of 3b. 
 
Because added nitrile allowed for the interception and study of an important catalytic 
intermediate, the effect of nitrile on the catalytic cycle was examined through a series of 
resting state experiments.  Two catalytic experiments were carried out and monitored by 31P 
NMR; one with 0 equiv NCC6F5 and one with 3 equiv NCC6F5.  In the presence of nitrile, the 
catalyst rested at 3b; however, in the absence of added nitrile, the platinum speciated at a 
new compound that existed as two diastereomers (1:1).  This complex was ultimately 
Table 4.1.  Half-Life of 3b in the Presence of Nitrilea 
 
Equiv NCC6F5 t50% 3bb,c 
0 25 min 
1 125 min 
3 265 min 
10 380 min 
  
 
aReaction conditions: 0.06 M P2Pt-alkyl/nitrile in MeNO2, 5 
equiv norbornene, X equiv NCC6F5. bDetermined by 31P 
NMR. cThe total phosphine concentration determined 
relative to an internal PPh3 standard. 
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determined to be the platinum π-allyl (6) ostensibly derived from the interception of a 
P2PtH(L) intermediate (L= MeNO2 or 2) by 1 followed by chain-walking to the π-allyl 
(Scheme 4.5). 
 
Compound 6 was bench stable and has been characterized by NMR (31P NMR: JPt-P = 
3910, 3780, 3570, 3700 Hz) and X-ray diffraction.  The X-ray structure of one of the 
diastereomers of 6 is shown in Figure 4.2.  The three carbon atoms in the allyl structure are 
roughly equidistant from the platinum center.  Carbon-carbon bond lengths in the allyl 
portion are expectedly intermediate between a C-C single bond and a C-C double bond.24
                                                          
24.  (a) Knierzinger, A.; Schönholzer, P. Helv. Chim. Acta 1992, 75, 1211-1220.  (b) Hintermann, L.; Läng, F.; 
Maire, P.; Togni, A. Eur. J. Inorg. Chem. 2006, 1397-1412.  (c) Crociani, B.; Benetollo, F.; Bertani, R.; 
Bombieri, G.; Meneghetti, F.; Zanotto, L. J. Organomet. Chem. 2000, 605, 28-38. 
  
 
Scheme 4.5.  Proposed Mechanism for the Formation of 6 
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 Resubjecting the purified π-allyl, 6, to catalytic conditions revealed that it was not a 
precatalyst and thus only served to deactivate the Pt-catalyst.  Efforts therefore focused on 
preventing π-allyl formation as a strategy for enhancing catalytic efficiency (Table 4.2).  As 
previously stated, added nitrile caused the catalyst to rest at 3b rather than form 6, suggesting 
that added nitrile should enhance the activity by keeping more catalyst in the productive 
cycle.  In the event, the reaction went to completion in 3 h with the addition of equiv NCC6F5 
as compared to 8 h without 3 equiv of nitrile (Table 4.2). 
 
Figure 4.2.  ORTEP representation of the X-ray structure of one diastereomer of 6.  BF4 anion has been 
removed for clarity.  Selected bond lengths (Å): Pt-P1 = 2.2596(17), Pt-P2 = 2.3037(17), Pt-C4 = 2.155(7), Pt-C5 = 
2.170(7), Pt-C6 = 2.206(7), C4-C5 = 1.426(11), C5-C6 = 1.392(10). Selected bond angles (deg): P1-Pt-P2 = 
93.82(6).   
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Increasing the concentration of Ph3C+ was also found to prevent π-allyl formation.  
When Ph3COMe was replaced with Ph3CBF4, the observed resting state shifted to the nitro 
solvent adduct.  Under these conditions, the reaction was complete in < 1 h, but the yield 
suffered due to Ph3C+ induced side reactions.  Alternately, a 10% excess of Ph3CBF4 could 
be added to the normal 2 equiv of Ph3COMe, effectively doubling the steady state 
concentration of Ph3C+ (10% from Ph3COMe protonolysis and 10% from added Ph3CBF4).  
Under these modified conditions: 1) the catalyst rested at the bis nitromethane adduct, 2) no 5 
was formed, 3) the reaction went to completion in 3 h, and 4) the product yield was 
unaffected by the added Ph3C+.  In addition, no change in enantioselectivity was observed 
with added Ph3CBF4 or added NCC6F5, making them suitable ways to decrease reaction 
times without affecting product yields or selectivities.  In fact, by adding 3 equiv NCC6F5 
relative to catalyst, the catalyst loading could be dropped to 5 mol %, resulting in a 78% 
yield of 2 after only 6.5 h. 
Table 4.2.  Nitrile and Trityl Effects on Catalyst Resting Statea 
 
Hydride Abstractor Equiv NCC6F5 
Observed 
Resting Stateb 
Reaction Timec Product Yieldc 
Ph3COMe 0 Allyl 8 h 84% 
Ph3COMe 3 Alkyl/nitrile 3 h 83% 
Ph3CBF4 0 MeNO2 adduct 1 h 70% 
10% Ph3CBF4/ Ph3COMe 0 MeNO2 adduct  3 h 79% 
 aReaction conditions: 10 mol% (BINAP)PtI2, 25 mol% AgBF4, 10 equiv 1, 0-21 equiv Ph3COMe, 0-21 
equiv Ph3CBF4, 0-3 equiv NCC6F5 and MeNO2. bDetermined by 31P NMR.  cDetermined by GC analysis. 
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Xylyl-phanephos catalysts and model complexes.  The most enantioselective catalyst 
discovered to date was that derived from xylyl-phanephos.  However, contrasting the dppe 
and biaryl systems, when [(xylyl-phanephos)Pt(NCC6F5)2][BF4]2 (JPt-P = 3920 Hz) was 
treated with a stoichiometric amount of 1 and base at 0 °C, no Pt-alkyl/nitrile was formed.  
Instead, the π-allyl analogue of 6 was observed.  However, when this reaction was carried out 
at -55 °C for 4 days, 31P NMR showed 30% Pt-alkyl/nitrile with the remainder of the 
platinum being the [(xylyl-phanephos)Pt(NCC6F5)2][BF4]2 complex.  Using a slightly 
stronger base (Ph2NMe rather than Ph2NH), the conversion was improved to 100%,23 with 
80% of the product being 3d (JPt-P = 1617, 5128 Hz), and the remainder being π-allyl 
(Scheme 4.6).  3d could also be prepared in EtNO2, a more catalytically relevant solvent.  
The dr of 3d in either solvent was difficult to determine due to the presence of several minor 
impurities.  However, treatment of the 3d solution with LiBHEt3 at -55 °C resulted in 
reductive cleavage to 2-H2.   The measured er of 5.6:1 suggested a 5.6:1 dr for 3d.  Efforts to 
convert 3d to a stable alkyl/chloride derivative were not successful.25
 
  
Experiments analogous to those shown in Table 4.2 were carried out to determine the 
resting state for the xylyl-phanephos catalyst.  Under almost all conditions, the resting state 
was an unknown symmetric species with JPt-P = 4050 Hz by 31P NMR.  This species was 
                                                          
25.  The alkyl chloride could be observed in solution (JPt-P = 1794, 4989 Hz), but β-H elimination occurred 
upon warming to r.t. 
 
Scheme 4.6   
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inconsistent with independently generated (xylyl-phanephos)PtL2+2 complexes (L = CH3NO2, 
JPt-P = 3760 Hz; Ph2NH, JPt-P = 3748 Hz; NCC6F5, JPt-P = 3900 Hz; 1-hexene, JPt-P = 3760 Hz; 
CH3OH, JPt-P = 3757 Hz).  All attempts at isolation were unsuccessful.  In only one case was 
the allyl observed as the “resting state”: in the presence of nitrile when the trityl source was 
Ph3COMe.  Presumably for the xylyl-phanephos catalyst, displacement of 2 by nitrile and 
then nitrile by 1 is required for allyl formation. 
Because 3d was difficult to access and very unstable, the model compound, [(xylyl-
phanephos)Pt(Et)(NCC6F5)][BF4] (6) (JPt-P = 1620, 4980 Hz) was prepared by AgBF4 
abstraction of the chloride from (xylyl-phanephos)Pt(Et)Cl (JPt-P = 1736, 4915 Hz) in the 
presence of NCC6F5 (Scheme 4.7).26  Compound 6 was stable at low temperatures but 
underwent β-H elimination at 0 °C.  The product of β-H elimination, as observed by NMR 
(1H, 31P, 19F), was the Pt-nitrile/hydride species, 7 (JPt-P = 2485, 3978 Hz), which exhibited a 
characteristic upfield resonance in the 1H NMR at -6.0 ppm and decomposed at 0 °C over 8 h 
to an unidentified platinum compound (JPt-P = 4200, 3260 Hz).27
 
   
                                                          
26.  Shiotsuki, M.; White, P. S.; Brookhart, M.; Templeton, J. L. J. Am. Chem. Soc. 2007, 129, 4058-4067. 
 
27.  Electrophilic Pt(II)-nitrile adducts have been observed to react in numerous ways; for example, see: (a) Oi, 
S.; Kashiwagi, K.; Terada, E.; Ohuchi, K.; Inoue, Y. Tetrahedron Lett. 1996, 37, 6351-6354.  (b) Hori, K.; Ito, 
J.; Ohta, T.; Furukawa, I. Tetrahedron 1998, 54, 12737-12744.  (c) Oi, S.; Kashiwagi, K.; Inoue, Y. 
Tetrahedron Lett. 1998, 39, 6253-6256.  (d) Hori, K.; Kodama, H.; Ohta, T.; Furukawa, I. J. Org. Chem. 1999, 
64, 5017-5023.  (e) Oi, S.; Terada, E.; Ohuchi, K.; Kato, T.; Tachibana, Y.; Inoue, Y. J. Org. Chem. 1999, 64, 
8660-8667.  (f) Hao, J.; Hatano, M.; Mikami, K. Org. Lett. 2000, 2, 4059-4062.  (g) Becker, J. J.; Van Orden, L. 
J.; White, P. S.; Gagné, M. R. Org. Lett. 2002, 4, 727-730. 
Scheme 4.7 
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The nitrile/hydride 7 provided the first direct evidence of a β-H elimination derived Pt-
hydride in this system, while additionally outlining a synthetic route to a catalytically 
relevant Pt-hydride species.  Warming of 6 to 0 °C in MeNO2 provided solutions containing 
up to 35% of 7; however this could never be improved.  Alternately, treating (xylyl-
phanephos)PtI2 with a polystyrene triacetoxyborohydride resin in THF afforded, after 
workup, pure (xylyl-phanephos)Pt(H)I (8, JPt-P = 2160, 4330 Hz) with the expected upfield 
hydride multiplet (-8.8 ppm).  This resin-bound reducing agent significantly simplified 
product workup and led to good yields and purity of the hydrido iodide.   This species could 
in turn be quantitatively converted to 7 at 0 °C with 2 equiv of nitrile and AgBF4 (eq 4.10).28
 
  
This procedure generated a pure solution of the putative catalytic intermediate 7 for 
reactivity studies.  First, the addition of 1 to 7 resulted in rapid generation of the π-allyl 
species (Scheme 4.8), supporting the notion that it forms through interception of the Pt-H 
with 1 (Scheme 4.5).  Second, addition of Ph3CBF4 to a solution of 7 at r.t. led to fast hydride 
abstraction (< 5 min) to give [(xylyl-phanephos)Pt(NCC6F5)2][BF4]2 and Ph3CH (Scheme 
4.8).  Third, the simultaneous addition of 1 equiv Ph3CBF4 and 2 equiv 1 resulted in fast 
hydride abstraction and no π-allyl formation, indicating that hydride abstraction was faster 
                                                          
28.  The dppe and xylyl-BINAP analogs of 7 were found to decompose, even at - 78 °C. 
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than π-allyl formation (Scheme 4.8).  Perhaps not surprisingly, hydride abstraction by Ph3C+ 
from the neutral hydrido-iodide species was also fast (< 5 min).29
 
Returning to catalytic studies, the hydride abstraction step was further examined by 
investigating the effect of steric perturbation on the trityl cation.  Under the catalytic 
conditions, turnover by the substituted trityl methyl ethers was sensitive to electronic 
changes.  Trityl methyl ethers with either electron donating groups (ie. p-OMe substituents) 
or with electron withdrawing groups were not effective reoxidants.  However, when meta-
alkyl substituents were added, these trityls were competent and the effects of these steric 
perturbations could be studied.  A series of meta-substituted trityl methyl ethers were 
prepared and used in catalytic reactions with the (xylyl-phanephos)Pt+2 catalyst.  The results 
are summarized in Table 4.3.  Most surprising of all was the 6-8% increase in the 
enantioselectivity of the reaction for the more sterically hindered trityl cations.  This 
provided evidence for the surprising situation wherein trityl cation somehow involves itself 
in the stereochemistry-determining step.  A rationale for this observation required that the 
steps preceding the hydride abstraction be reversible, so as to establish a scenario where 
hydride abstraction was at least partially stereochemistry determining. 
 
                                                          
29.  The addition of 1 equiv Ph3CBF4 to 8 in CD2Cl2 resulted in fast formation of the nitrile adduct at r.t by 31P 
NMR and Ph3CH by 1H NMR. 
Scheme 4.8 
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Because nitrile had a considerable effect on the biaryl systems, several experiments were 
carried out to examine the effects of nitrile on the xylyl-phanephos system.  In contrast to the 
xylyl-BINAP case, added nitrile in a typical (xylyl-phanephos)Pt-dication catalyzed reaction 
caused no improvement in reaction time.  Moreover, the added nitrile led to an 
enantioselectivity decrease of 7% (72% ee  vs. 79% ee with no NCC6F5).   
4.3. Discussion 
Each of the examined ligand classes contributed to our understanding of the oxidative 
cyclization reaction mechanism and, in many cases, provided complementary information.  
The dppe and biaryl ligands behaved similarly, with the chiral biaryl system adding a 
revealing degree of stereochemical complexity to the experiments.  While the xylyl-
phanephos system had elements that paralleled the other ligands, enough differences were 
observed to wonder if a wholly different mechanism was operative.  While some 
Table 4.3.  Trityl effects on enantioselectivitya   
 
R % eeb 
H 70 
Me 76 
Et 76 
iPr 76 
Ph 76 
 aReaction conditions: 10 mol% (xylyl-phanephos)PtI2, 
25 mol% AgBF4, 10 mol % Ph2NH, 1 equiv 1, 2.1 equiv 
m-R-Ph3COMe in MeNO2. bDetermined by chiral GC 
analysis. 
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discrepancies have yet to be resolved,30
 
 the balance of the data suggests a uniform 
mechanism that differs in the relative magnitude of competing rate constants.  With this in 
mind, the results presented above led to the proposed catalytic cycle shown in Scheme 4.9. 
Catalyst initiation/cyclization.  To initiate catalysis, 1 displaces “L” and coordinates to 
the catalyst, forming II.  Since an η2-alkene intermediate like II has never been observed, we 
presume that the electrophilic activation is significant and that the cyclization cascade is 
                                                          
30.  These discrepancies include resting state differences, the nitrile dependence on π-allyl formation for the 
xylyl-phanephos system and the effect of nitrile on the enantioselectivity of the xylyl-phanephos catalyst. 
Scheme 4.9   
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rapid and terminated by the alcohol with concomitant proton release.  The coordination of 
substrates such as 1 to electrophilic platinum and subsequent cyclization and cation-trapping 
has been well precedented.11,13,19,31
17
  As shown in Figure 4.1 (A), the stereochemistry of the 
cyclization is best described as proceeding through nascent, pre-organized rings that 
minimize the buildup of charge at any single center.  Such concerted non-synchronous 
processes tend to be highly diastereoselective.  The cyclization step was also shown to be 
proton-coupled and reversible,  and because the diastereoselectivity of intermediate III was 
(at least for xylyl-BINAP) lower than the enantioselectivity of the overall process, the 
cyclization itself could not, therefore, be stereochemistry determining.  Although this 
reversibility could not be documented through reactivity studies on the (xylyl-phanephos)Pt-
alkyl/nitrile, the ability of substituted trityl cations to affect the enantioselectivity of the 
reaction (Table 4.3) suggested that the steps leading up to hydride abstraction must also be 
reversible (including cyclization). 
β-H elimination.  Following cyclization, the Pt-alkyl undergoes β-H elimination to 
generate the olefin hydride IV.  We envision the microscopic details of this process to 
involve intramolecular associative displacement of L by the β-H of the alkyl, with the 
potential involvement of a β-agostic on the path to olefin/hydride, IV.  While IV was not 
directly observed, the viability of a hydride functionality was supported through trapping 
studies with norbornene (Scheme 4.4) and direct detection in model systems (Scheme 4.6).  
In the absence of nitrile, III was never observed, presumably because associative 
displacement32
                                                          
31.  Kerber, W. D.; Koh, J. H.; Gagné, M. R. Org. Lett. 2004, 6, 3013-3015. 
 
32.  Four coordinate square planar metal complexes rely almost exclusively on associative ligand substitutions.  
Atwood, J. D.  Inorganic and Organic Reaction Mechanisms  John Wiley & Sons: New York, 1997. 
 of coordinated nitromethane/β-H elimination was faster than that for 
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coordinated NCC6F5.  In the presence of nitrile, the catalyst rested at III (for dppe and biaryl 
systems).  Consistent with this observation, 3b was stabilized to β-H elimination by 
exogenous nitrile.  These data were most simply interpreted with a reversible β-H elimination 
to olefin/hydride, followed by irreversible trapping with norbornene (Scheme 4.10).  Higher 
nitrile concentrations, would therefore lower the steady-state concentration of Pt-
olefin/hydride and thus inhibit net β-H elimination in the catalytic cycle.  Although we 
suspect a role for solvent (nitromethane), we have no direct evidence for any solvent assisted 
substitutions. 
 
  
Catalyst deactivation and hydride abstraction.  The formation of π-allyl V is 
proposed to occur by displacement of 2 by 1 in IV, followed by a sequence of insertions and 
eliminations (Scheme 4.5).  The viability of this hypothesis was confirmed by the addition of 
1 to Pt-hydride 7 and the subsequent rapid formation of V.  Under catalytic conditions, the 
deactivation process was prevented by the addition of nitrile.  While it was possible for 1 to 
easily displace the nitrile in 7 to form V, under catalytic conditions where both Ph3C+ and 
nitrile are present, the path to π-allyl becomes less competitive.  This notion was confirmed 
in the competition experiment between 1 equiv Ph3C+ and 2 equiv of 1 for compound 7 
wherein only hydride abstraction to form (xylyl-phanephos)Pt(NCC6F5)2+2 was observed.  
Scheme 4.10 
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Since a Pt-hydride is necessary for both conversion to V and Ph3C+ abstraction, the real 
source for this beneficial stabilization is unclear.  If the reversibility of the steps to hydride 
abstraction is also true of the xylyl-BINAP case, this requires that the stereochemistry 
determining hydride abstraction33
Based on this more detailed mechanistic picture (Scheme 4.9), ways to improve the 
catalytic conditions could be devised.  Focusing on methods for inhibiting detrimental π-allyl 
formation led to the addition of 10% Ph3CBF4 as a way of avoiding V while simultaneously 
improving turnover rates.  The absence of nitrile destabilizes III, so β-H elimination is fast.  
 occurs from a species like IV, which still has the chiral 
product coordinated to the Pt.  Product displacement by NCC6F5 or nitromethane (to VI and 
VII) leads to hydrides capable of participating in hydride abstraction/turnover but does not 
explain the reversibility observations. 
From either IV, VI or VII, hydride abstraction by trityl cation regenerates the active 
catalyst.  This process is fast and irreversible as demonstrated by the addition of Ph3CBF4 to 
7.  The hydride abstraction step is also the stereochemistry determining step.  When 
substituted trityl cations were used with the xylyl-phanephos catalyst, enhancements in the 
enantioselectivity were observed, giving further evidence that Pt-hydride abstraction may be 
stereochemistry determining.  This situation may also be consistent with the 
enantioselectivity reduction caused by added nitrile to a xylyl-phanephos catalyzed reaction.  
If the nitrile were to accelerate the displacement of 2 in IV, then hydride abstraction would 
occur from a nitrile/hydride species which does not provide a means for affecting the product 
er in a Curtin-Hammett scenario.   
                                                          
33.  Reaction of (BINAP)Pt(NCC6F5)2+2 with 4-OMe(C6H4)3CH did not generate any hydride.  This alkane 
should be many times more reactive as a hydride donor than Ph3CH.  Greene, T. W.; Wuts, P. G. M.  In 
Protective Groups in Organic Synthesis.  John Wiley & Sons: New York, 1999, p 105. 
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Under normal conditions this leads to a higher steady-state concentration of IV and a higher 
probability for formation of V.  The higher concentration of Ph3C+ compensates by 
increasing the rate of hydride abstraction; the Pt-nitrosolvent I is the resting state and olefin 
displacement to II apparently becomes turnover-limiting.  Alternately, added nitrile increases 
the stability of intermediate III which somehow inhibits formation of V and keeps the 
catalyst in an active state with the net effect of reducing reaction times.  Using this method, 
catalyst loading was successfully lowered to 5 mol% with good product yields (78%) and 
reasonable reaction times (6.5 h); the former method was less successful in this regard. 
4.4 Conclusions 
In summary, several key catalytic intermediates have been identified and characterized.  
The Pt-alkyl/nitrile complex is generated by a reversible cyclization, serves as the catalyst 
resting state, is stable at 0 °C, and undergoes β-H elimination at r.t. to generate product.  A 
putative hydride intermediate has been trapped and observed directly in the model system 
and supports a β-H elimination pathway.  Added nitrile or increased concentration of Ph3C+ 
prevents the formation of a catalytically inert Pt π-allyl in the absence of nitrile or at low 
Ph3C+ concentrations.  Hydride abstraction from this Pt-H intermediate is the turnover-
limiting step and may well be the stereochemistry determining step.  In addition to 
elucidating the details of this catalytic mechanism, our experiments also enabled us to 
significantly improve our catalytic protocol. 
4.5.  Experimental 
General procedures for the synthesis of platinum complexes: 
Synthetic procedures were carried out under nitrogen using standard Schlenk techniques 
or in a nitrogen filled glove box.  CD2Cl2 was distilled from CaH2 and freeze-pump-thaw 
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degassed before use.  MeNO2 was purified as previously described34
11
 and distilled from CaH2.  
Dppe and BINAP were purchased from Aldrich and used as received.  (S)-xylyl-
PHANEPHOS, (S)-xylyl-BINAP, and (R)-xylyl-MeO-BIPHEP were purchased from Strem 
and used as received.    The piperidinomethyl polystyrene resin was purchased from 
NovaBiochem and triethylammonium methylpolystyrene triacetoxyborohydride was 
purchased from Biotage.  1,  Ph3COMe35 and (COD)PtI2,36 (dppe)Pt(Me)Cl,37 and 
(BINAP)Pt(Me)Cl,38 and (COD)Pt(Et)Cl39 were prepared according to literature procedures.  
(P2)PtI2 pre-catalysts were prepared according to literature procedures.40
[(dppe)Pt(alkyl)(NCC6F5)][BF4] (3a): To a solution of (dppe)PtI2 (0.12 mmol) in 
CH2Cl2 (0.4 mL) was added 3 equiv NCC6F5 (0.35 mmol) and 2.5 equiv AgBF4 (0.29 mmol).  
After stirring in the dark for 1 h, the mixture was filtered through a PTFE filter.  The solution 
  NMR spectra were 
recorded on a Bruker 400 MHz Avance or Bruker 500 MHz Avance spectrometer; chemical 
shifts are reported in ppm and referenced to residual solvent peaks (1H, 13C) or to an external 
standard (85% H3PO4 for 31P or C6H5F for 19F NMR).  GC was performed on an HP-6890.  
Elemental microanalyses were performed by Robertson-Microlit Laboratories, Madison, NJ.  
HRMS was performed by the University of Illinois. 
                                                          
34.  Commercial MeNO2 contains traces of propionitrile that poisons Pt+2 catalysts; for purification, see: 
Parrett, F. W.; Sun, M. S. J. Chem. Ed.  1977, 54, 448. 
 
35.  Fyles, T. M.; Leznoff, C. C.  Can. J. Chem.  1976, 54, 935-942. 
 
36.  Clark, H. C.; Manzer, L. E. J. Organomet. Chem. 1973, 59, 411-428. 
 
37.  Romeo, R.; D’Amico, G.  Organometallics  2006, 25, 3435-3446.  
 
38.  Scrivanti, A.; Beghetto, V.; Bastianini, A.; Matteoli, U.  Organometallics  1996, 15, 4687-4694. 
 
39.  Brainard, R. L.; Whitesides, G. M.  Organometallics  1985, 4, 1550-1557. 
 
40.  Colacot, T. J.; Qian, H.; Cea-Olivares, R; Hernandez-Ortega, S. J. Organomet. Chem. 2001, 637-639, 691. 
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was cooled to -78 °C and 2 equiv 1 (0.24 mmol) and 2 equiv piperidinomethyl polystyreme 
resin (0.24 mmol) were added.  The reaction mixture was warmed to 0 °C overnight after 
which 3a could be observed by 31P NMR.  The solution was filtered through a PTFE filter 
and a pale yellow solid precipitated with cold diethyl ether.  The solid was isolated on a cold 
frit, washed repeatedly with cold pentane and cold ether, collected and pumped dry at 0 °C to 
yield 65% of a pale yellow solid which could be stored at -23 °C for several weeks.  NMR 
data was recorded at -10 °C.  1H NMR: (500 MHz, CD2Cl2) δ 7.81 (s, 4H), 7.66 (m, 4H), 
7.45 (m, 12H), 6.93 (m, 2H), 6.69 (t, 1H, J = 7.3 Hz), 6.57 (d, 1H, J = 8 Hz), 2.45-1.95 (m, 
8H), 1.77 (m, 2H), 1.61 (m, 1H), 1.31 (m, 1H), 1.19 (m, 2H), 1.06 (s, 3H).  31P NMR: (162 
MHz, CD2Cl2) δ 47.8 (s, 1P, JP-Pt = 1483 Hz), 39.8 (s, 1P, JP-Pt = 4609 Hz).  19F NMR: (471 
MHz, CD2Cl2) δ -128 (m, 2F), -134 (m, 1F), -152 (m, 4F), -155 (m, 2F). 
[(BINAP)Pt(alkyl)(NCC6F5)][BF4] (3b): Prepared as described above to yield 70% of a 
pale yellow temperature sensitive solid.  31P NMR: (162 MHz, CD2Cl2) δ 19.5 (d, 1P, JP-P = 
21.9 Hz, JPt-P = 1531 Hz), 10.9 (d, 1P, JP-P = 21.9 Hz, JPt-P = 4867 Hz).  19F NMR (471 MHz, 
CD2Cl2) δ -128.4 (m, 2F), -134.8 (m, 1F), -152.2 (m, 4F), -155.6 (m, 2F). 
(dppe)Pt(alkyl)(Cl) (4): To a solution of 3a in CH2Cl2 was added Me4NCl (0.12 mmol) 
and 2 drops of water.  The mixture was stirred for 1 h at 0 °C, at which time complete 
conversion to 4 was observed by 31P NMR.  The mixture was filtered through a PTFE filter, 
washed with water (3x), dried with MgSO4, filtered and concentrated.  Precipitation from 
CH2Cl2 with pentane followed by washing with pentane (3x) gave 65% of 4 as an off-white 
solid.  1H NMR: (500 MHz, CD2Cl2) δ 7.81 (s, 4H), 7.66 (dt, 4H, J = 9.3, 27 Hz), 7.45 (m, 
12H), 6.93 (m, 2H), 6.69 (t, 1H, J = 7.3 Hz), 6.57 (d, 1H, J = 8.0 Hz), 2.45-1.95 (m, 8H), 
1.80 (m, 1H), 1.74 (m, 1H), 1.60 (m, 1H), 1.31 (m, 1H), 1.19 (m, 2H), 1.06 (s, 3H).  31P 
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NMR: (162 MHz, CD2Cl2) δ 44.4 (s, 1P, JPt-P = 4485 Hz), 42.2 (s, 1P, JPt-P = 1518 Hz).  
Anal. Calcd. for C40H41ClOP2Pt: C, 57.87; H, 4.98.  Found: C, 58.11; H, 4.87. 
[(dppe)Pt(Me)(NCC6F5)][BF4]:  To a solution of (dppe)Pt(Me)Cl in CH2Cl2 was added 
3 equiv NCC6F5 and 1.2 equiv AgBF4.  After stirring for 1 h in the dark, the mixture was 
filtered through a PTFE filter to remove the AgCl and was observed by 31P and 19F  NMR.  
All attempts to isolate the product led to decomposition.  31P NMR: (202 MHz, CD2Cl2) δ 
50.6 (s, 1P, JPt-P = 1753 Hz), 39.3 (s, 1P, JPt-P = 4354 Hz).  19F NMR (471 MHz, CD2Cl2) δ -
128.5 (m, 2F), -135.4 (m, 1F), -152.9 (m, 4F), -156.0 (m, 2F).    
[(BINAP)Pt(Me)(NCC6F5)][BF4]:  Prepared from (BINAP)Pt(Me)Cl as described 
above.  All attempts to isolate the product led to decomposition.  31P NMR: (162 MHz, 
CD2Cl2) δ 20.6 (d, 1P, JP-P = 21 Hz, JPt-P = 1783 Hz), 12.8 (d, 1P, JP-P = 21 Hz, JPt-P = 4546 
Hz).  19F NMR (471 MHz, CD2Cl2) δ -128.7 (m, 2F), -136.1 (m, 1F), -152.9 (m, 4F), -156.6 
(m, 2F). 
Hydr ide trapping (5):  To a solution of 3a in CD3NO2 (or CD2Cl2) was added 5 equiv 
norbornene at 0 °C.  Upon warming to r.t., the norbornyl agostic, 4, was observed by a 1H 
NMR (400 MHz, CD2Cl2) resonance at δ -1.40 (dt, JP-H = 11.4, 79.6 Hz, JPt-H = 148 Hz)  and 
by 31P NMR: (162 MHz, CD2Cl2) δ 21.8 (s, 1P, JPt-P = 2853 Hz), 17.2 (s, 1P, JPt-P = 5506 
Hz).  
t50% exper iments:  To a solution of 3b (0.027 mmol) in CD3NO2 (0.4 mL) was added 5 
equiv norbornene (0.135 mmol) and either 0, 1, 3 or 10 equiv NCC6F5 at 0°C.  For the 
experiments with 1 and 10 equiv nitrile, a triphenylphosphine standard was also added.  The 
reactions were warmed to r.t. and the decomposition monitored by 31P NMR.  The time at 
which the solution contained half 3b and half 5 was recorded. 
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[(BINAP)Pt(allyl)][BF4] (6): To a solution of (BINAP)PtI2 (0.093 mmol) in MeNO2 
(0.4 mL) was added 2.5 equiv AgBF4 (0.23 mmol) .  The mixture was stirred in the dark for 1 
h, and then filtered through a PTFE filter.  2 equiv 1 (0.19 mmol) and 2 equiv Ph2NH (0.19 
mmol) were added and the reaction as left at r.t. overnight.  The reaction mixture was filtered 
through a PTFE filter to remove the basic resin.  A tan solid was precipitated from the 
CH2Cl2 solution with diethyl ether.  The solution was decanted and the solid washed twice 
each with ether and pentane to yield 80% of 5 as a 1:1 mixture of 2 diastereomers after 
drying under vacuum.  1H NMR (600 MHz, CD2Cl2) δ diastereomer 1: 7.95-6.15 (m, 32H), 
3.61 (m, 1H), 3.53 (td, 1H, J = 4.2, 10.8 Hz), 2.88 (m, 1H), 2.06 (s, 1H), 2.01 (s, 3H), 1.96 (s, 
1H), 1.32 (m, 1H), 1.05 (m, 1H), 0.94 (m, 1H), 0.54 (t, 3H, J = 7.5 Hz).  diastereomer 2: 
7.95-6.15 (m, 32H), 4.57 (m, 1H) 4.46 (m, 1H), 3.69 (m, 1H), 2.37 (m, 1H), 1.82 (m, 2H), 
1.67 (s, 3H), 1.42 (m, 1H), 1.18 (m, 1H), 0.64 (t, 3H, J = 6.9 Hz).  31P NMR (400 MHz, 
CD2Cl2) δ diastereomer A: 24.4 (d, 1P, JP-P = 16 Hz, JPt-P = 3897 Hz), 16.7 (d, 1P, JP-P = 11 
Hz, JPt-P = 3573 Hz).  Diastereomer B: 17.4 (d, 1P, JP-P = 11 Hz, JPt-P = 3746 Hz), 12.4 (d, 1P, 
JP-P = 15 Hz, JPt-P = 3699 Hz).  HRMS (ESI) [M-BF4]/z calcd. 1020.31, found 1020.3060.  
[(xylyl-phanephos)Pt(alkyl)(NCC6F5)][BF4] (3d): To a solution of (xylyl-
phanephos)PtI2 (0.04 mmol) in CD2Cl2 (0.4 mL) was added 3 equiv NCC6F5 (0.13 mmol) and 
2.5 equiv AgBF4 (0.11 mmol).  After stirring in the dark for 1 h, the mixture was filtered 
through a PTFE filter into a J-Young NMR tube  The solution was cooled to -78 °C and 2 
equiv 1 (0.088 mmol) and 3 equiv Ph2NMe (0.13 mmol) were added.  The reaction was kept 
at -55 °C for 4 days after which time 3d was observed as 80% of the reaction mixture by 31P 
NMR.  31P NMR: (202.5 MHz, CD2Cl2) δ 33.2 (d, 1P, JP-P = 16.6 Hz, JPt-P = 1617 Hz), 22.8 
(d, 1P, JP-P = 16.6 Hz, JPt-P = 5128 Hz). 
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[(xylyl-phanephos)Pt(allyl)][BF4]:  To a solution of (xylyl-phanephos)PtI2 (0.093 
mmol) in MeNO2 (0.4 mL) was added 2.5 equiv AgBF4 (0.23 mmol)  3 equiv NCC6F5 (0.28 
mmol).  The mixture was stirred in the dark for 1 h, and then filtered through a PTFE filter.  
2 equiv 1 (0.19 mmol) and 2 equiv piperidinomethyl polystyrene resin (0.19 mmol) were 
added and the reaction as left at r.t. overnight.  The reaction mixture was filtered through a 
PTFE filter to remove the basic resin.  A tan solid was precipitated from the CH2Cl2 solution 
with diethyl ether.  The solution was decanted and the solid washed twice each with ether 
and pentane to yield 70% of the π-allyl as a 3:1 mixture of 2 diastereomers after drying under 
vacuum.  Even using 600 MHz NMR spectroscopy, many of the resonances in the 1H NMR 
could not be resolved, in part due to overlap of ligand based resonances and allyl based 
resonances.  The following resonances could be assigned: 1H NMR: (500 MHz, CD2Cl2) δ 
major: 3.94 (m, 1H), 3.71 (m, 1H), 3.31 (m, 1H), 3.06 (m, 1H), 2.90 (m, 2H), 1.74 (m, 1H), 
0.45 (t, 3H, J = 7.0 Hz).  minor: 4.49 (m, 1H), 0.53 (t, 3H, J = 7.0 Hz).  The remainder of the 
resonances could not be assigned to a particular diastereomer: 8.10 – 6.16 (m), 2.59 (m), 
2.45-2.06 (m), 1.95 (m), 1.90 (m), 1.84 (s), 1.54 (m), 1.38 (m), 1.30-1.13 (m), 0.76 (m).  31P 
NMR: (162 MHz, CD2Cl2) major: δ 35.9 (d, 1P, JP-P = 13 Hz, JPt-P = 3834 Hz), 35.2 (d, 1P, 
JP-P = 13 Hz, JPt-P = 4176 Hz); minor: δ 35.9 (d, 1P, JP-P = 13 Hz, JPt-P = 3834 Hz), 32.7 (d, 
1P, JP-P = 14 Hz, JPt-P = 4214 Hz).  HRMS (ESI) [M-BF4]/z calc. 1086.45, found 1086.4413.  
 (xylyl-phanephos)Pt(Et)Cl:  To a solution of (COD)Pt(Et)Cl (0.272 mmol) in CH2Cl2 
(5 mL) was added 1 equiv xylyl-phanephos (0.272 mmol) in CH2Cl2 (3 mL).  The reaction 
was stirred for 2 h at r.t.  After the solvent was evaporated, the desired product was obtained, 
after copious washing with pentane and precipitation from ether with pentane, in 85% yield 
as a white powder.  1H NMR: (400 MHz, CDCl3) δ 7.86 (s, 4H), 7.73 (d, 1H, J =16 Hz), 7.57 
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(d, 2H, J = 9.6 Hz), 7.32 (d, 1H, J = 16 Hz), 7.27 (d, 2H, J = 11.2 Hz), 7.17 (d, 2H, J = 15.2 
Hz), 6.98 (s, 2H), 6.38 (m, 1H), 6.33 (m, 1H), 6.28 (m, 2H), 2.61-2.35 (m, 6H), 2.33 (s, 10 
H), 2.52 (m, 14H), 2.08 (m, 2H), 1.80 (m, 1H),, 0.95 (m, 1H), 0.88 (t, 3H, J = 8.0 Hz)  31P 
NMR (162 MHz, CDCl3) δ 36.6 (d, 1P, JP-P = 11 Hz, JPt-P = 1728 Hz), 32.8 (d, 1P, JP-P = 11 
Hz, JPt-P = 4964 Hz).  Anal. Calcd. for C50H55ClP2Pt: C, 63.32; H, 5.84.  Found: C, 63.37; H, 
5.58. 
(xylyl-phanephos)Pt(Et)(NCC6F5):  To a solution of (xylyl-phanephos)Pt(Et)Cl (0.053 
mmol) in CD2Cl2 (0.4 mL) was added 2 equiv NCC6F5 (0.11 mmol) and 1.2 equiv AgBF4 
(0.063 mmol) at -78 °C.  The formation of 6 was observed by 31P and 19F  NMR.  Warming 
of this solution to r.t. resulted in the formation of 7 and an unidentified platinum product.  31P 
NMR: (202 MHz, CD2Cl2) δ 36.1 (d, 1P, JP-P = 16 Hz, JPt-P = 1789 Hz), 26.6 (d, 1P, JP-P = 16 
Hz, JPt-P = 4982 Hz). 19F NMR: (471 MHz, CD2Cl2) δ -128.5 (m, 2F), -134.7 (m, 1F), -152.1 
(m, 4F), -155.3 (m, 2F). 
(xylyl-phanephos)Pt(H)I  (8):  To a solution of (xylyl-phanephos)PtI2 (0.0747 mmol) in 
THF (4 mL) was added 4 equiv triethylammonium methylpolystyrene triacetoxyborohydride 
(0.299 mmol).  The reaction was stirred overnight at which time complete consumption of 
starting material was observed by 31P NMR.  The reaction mixture was filtered through a 
PTFE filter and then through a plug of silica with CH2Cl2.  Precipitation of a tan solid from 
CH2Cl2 with pentane and subsequent pentane washes yielded 8 in 61% yield.  1H NMR: (400 
MHz, CD2Cl2) δ 7.75 (m, 3H), 7.60 (m, 3H), 7.18 (m, 4H), 7.10 (d, 2H, J = 10.4 Hz), 7.00 (s, 
1H), 6.94 (s, 1H), 6.53 (d, 1H, J = 16.4 Hz), 6.49 (d, 1H, J = 16.4 Hz), 6.41 (m, 2H), 2.64-
2.32 (m, 8H), 2.25 (s, 7H), 2.21 (s, 9H), 2.20 (s, 8H), -8.82 (dd, 1H, JP-H = 10, 192 Hz, JPt-H = 
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693 Hz).  31P NMR: (162 MHz, CD2Cl2) δ 32.8 (s, 1P, JPt-P = 2196 Hz), 27.7 (d, 1P, JP-P = 9.7 
Hz, JPt-P = 4331 Hz).  HRMS (ESI) [M]/z calc. 1011.22, found 1011.2079.  
[(xylyl-phanephos)Pt(H)(NCC6F5)][BF4] (7):  To a solution of 8 (0.020 mmol) in 
CD3NO2  (0.4 mL) was added 1.1 equiv AgBF4 (0.024 mmol) and 2 equiv NCC6F5 (0.040 
mmol) at 0 °C and 7 was observed by 1H and 31P NMR.  1H NMR: (400 MHz, CD3NO2) δ 
8.21 (d, 1H, J = 20 Hz), 7.59 (d, 2H, J = 11.6 Hz), 7.34 (m, 5H), 7.02 (m, 3H), 6.86 (m, 2H), 
6.71 (m, 5H), 2.95 (m, 1H), 2.90 (m, 1H), 2.71 (m, 4H), 2.35 (s, 8H), 2.30 (m, 8H), 2.27 (m, 
4H), 2.25 (m, 4H), 2.07 (m, 2H).  31P NMR: (162 MHz, CD3NO2) δ 30.9 (s, 1P, JPt-P = 2452 
Hz), 17.8 (s, 1P, JPt-P = 4028 Hz).   
 
Typical procedure for  catalyt ic cyclizations: 
2.5 equiv AgBF4 was added to a 13.3 mM solution of (P2)PtI2 (typically 0.02 mmol) in 
MeNO2.  The reaction mixture was stirred for 1 h in the dark and then 21.0 equiv trityl source 
(Ph3COMe, Ph3CBF4, or some combination), 10 equiv substrate and 1-21 equiv Ph2NH (1 
equiv Ph2NH per equiv Ph3CBF4) were added.  The reaction mixture was stirred at r.t. in the 
dark until the reaction was complete by GC analysis.  Enantiomeric excesses were 
determined by chiral stationary phase gas chromatography using an Agilent β-Cyclosil 
column.   
 
Typical procedure for  resting state determination: 
2.5 equiv AgBF4 (0.083 mmol) was added to a solution of (P2)PtI2 (0.033 mmol) in 
CD3NO2 (0.4 mL).  The reaction mixture was stirred for 1 h in the dark and then filtered 
through a PTFE filter into a J-Young NMR tube.  5 equiv 1, 10.5 equiv trityl source 
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(Ph3COMe, Ph3CBF4, or a 1:4 mixture) and 1-10.5 equiv Ph2NH (1 equiv Ph2NH per equiv 
Ph3CBF4) were added.  The resting state was monitored by 31P NMR and the progress of the 
reaction monitored by 1H NMR. 
 
General procedure for  preparation of tr ityl methyl ethers: 
Tris-substituted trityl alcohols were prepared following literature procedure.41  
Conversion of the trityl alcohols to trityl methyl ethers was adapted from a literature 
procedure.42
3,3′,3′-(methoxymethanetr iyl)tr is(methylbenzene):  Following the procedure 
described above, the product was isolated as 98% of a colorless viscous oil after purification 
on a silica column eluted with 2% ethyl acetate in hexanes.  1H NMR: (400 MHz , CDCl3) δ 
7.28-7.04 (m, 12H), 3.09 (s, 3H), 2.36 (s, 9H).  13C NMR: (100 mHz, CDCl3) δ 144.0, 137.2, 
129.2, 127.6, 127.5, 126.0, 87.0, 52.1, 21.7.  HRMS (ESI) [M+Cs]/z calc. 449.088, found 
449.089. 
  To a solution of trityl alcohol (1.65 mmol) in 10 mL THF was added 
iodomethane (2.28 mmol).  A suspension of sodium hydride (2.5 mmol) in 5 mL THF was 
added via cannula and the reaction was stirred at RT overnight.  The reaction was quenched 
by slow addition of water.  The product was extracted with diethyl ether (3x), washed with 
brine, dried over MgSO4, filtered and concentrated.  The product was purified by column 
chromatography with 2% ethyl acetate in hexanes.   
3,3′,3′-(methoxymethanetr iyl)tr is(ethylbenzene):  Following the procedure described 
above, the product was isolated as 98% of a colorless viscous oil after purification on a silica 
column eluted with 2% ethyl acetate in hexanes.  1H NMR: (400 MHz, CDCl3) δ 7.35 (s, 
                                                          
41.  Zheng, W.; Yamamoto, H. J. Am. Chem. Soc. 2007, 129, 286-287. 
 
42.  Stichnoff, A.; Benoiton, N. L. Tetrahedron. Lett.  1973, 21-24. 
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3H), 7.26 (m, 6H), 7.10 (d, 3H, J = 7.2 Hz), 3.10 (s, 3H), 2.64 (q, 6H, J = 7.6 Hz), 1.23 (t, 
9H, J = 7.6 Hz).  13C NMR: (400 MHz, CDCl3) δ 144.1, 143.5, 128.3, 127.6, 126.3, 126.2, 
87.2, 52.0, 29.0, 15.7.  HRMS (ESI) [M+Cs]/z calc. 491.135, found 491.137. 
3,3′,3′-(methoxymethanetr iyl)tr is(isopropylbenzene):  Following the procedure 
described above, the product was isolated as 55% of a colorless viscous oil after purification 
on a silica column eluted with 2% ethyl acetate in hexanes.  1H NMR: (400 MHz, CDCl3) δ 
7.36-7.12 (m, 12H), 3.09 (s, 3H), 2.90 (sept, 3H, J = 6.8 Hz), 1.24 (d, 18H, J = 6.8 Hz).  13C 
NMR: (100 MHz, CDCl3) δ 148.0, 144.1, 127.5, 127.2, 126.3, 124.7, 87.4, 51.9, 34.2, 24.0.  
HRMS (ESI) [M+Cs]/z calc. 533.182, found 533.185. 
3,3′,3′-(methoxymethanetr iyl)tr ibiphenyl:  Following the procedure described above, 
the product was isolated as 60% of a white solid after purification on a silica column eluted 
with 2% ethyl acetate in hexanes.  1H NMR: (400 MHz, CDCl3) δ 7.82 (s, 3H), 7.57-7.33 (m, 
24H), 3.19 (s, 3H).  13C NMR: (100 MHz, CDCl3) δ 144.5, 141.3, 140.8, 128.7, 128.3, 127.9, 
127.5, 127.3, 125.9, 87.3, 52.3.  HRMS (ESI) [M+Cs]/z calc. 635.135, found 635.137. 
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Appendix A 
Crystal Structure of [(R-BINAP)(PMe3)PtI][I] 
(R-24, Chapter 2) 
 
 
 
 
 
 
Figure 2.4.  ORTEP representation of [(R-BINAP)(PMe3)PtI][I].  I- counterion is not shown.   
I 
P2 
P3 
P1 
Pt 
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Table A.1.  Bond distances (Å) for [(R-BINAP)(PMe3)PtI][I].   
 
Bond Length (Å) Bond Length (Å) 
Pt(1)-P(2)  2.2653(12) C(22)-C(23)  1.395(8) 
Pt(1)-P(1)  2.3321(12) C(23)-C(24)  1.381(8) 
Pt(1)-P(3)  2.3450(12) C(24)-C(25)  1.419(7) 
Pt(1)-I(1)  2.6469(4) C(25)-C(26)  1.429(7) 
P(1)-C(1)  1.823(5) C(26)-C(27)  1.504(6) 
P(1)-C(9)  1.827(5) C(27)-C(36)  1.395(7) 
P(1)-C(17)  1.849(5) C(27)-C(28)  1.438(6) 
P(2)-C(37)  1.806(5) C(28)-C(33)  1.430(7) 
P(2)-C(45)  1.834(5) C(28)-C(29)  1.433(6) 
P(2)-C(36)  1.852(5) C(29)-C(30)  1.369(7) 
P(3)-C(55)  1.804(6) C(30)-C(31)  1.429(8) 
P(3)-C(53)  1.804(6) C(31)-C(32)  1.378(8) 
P(3)-C(54)  1.815(6) C(32)-C(33)  1.413(7) 
C(1)-C(6)  1.399(7) C(33)-C(34)  1.411(7) 
C(1)-C(2)  1.410(7) C(34)-C(35)  1.366(7) 
C(2)-C(3)  1.395(8) C(35)-C(36)  1.423(7) 
C(3)-C(4)  1.388(9) C(37)-C(42)  1.401(7) 
C(3)-C(7)  1.512(9) C(37)-C(38)  1.401(7) 
C(4)-C(5)  1.389(9) C(38)-C(39)  1.397(8) 
C(5)-C(6)  1.405(7) C(39)-C(40)  1.395(9) 
C(5)-C(8)  1.524(8) C(39)-C(43)  1.507(9) 
C(9)-C(14)  1.378(7) C(40)-C(41)  1.382(9) 
C(9)-C(10)  1.391(6) C(41)-C(42)  1.392(8) 
C(10)-C(11)  1.411(7) C(41)-C(44)  1.531(8) 
C(11)-C(12)  1.376(8) C(45)-C(50)  1.393(8) 
C(11)-C(15)  1.514(7) C(45)-C(46)  1.404(8) 
C(12)-C(13)  1.392(8) C(46)-C(47)  1.400(7) 
C(13)-C(14)  1.392(7) C(47)-C(48)  1.383(9) 
C(13)-C(16)  1.496(8) C(47)-C(51)  1.495(9) 
C(17)-C(26)  1.384(7) C(48)-C(49)  1.394(9) 
C(17)-C(18)  1.428(6) C(49)-C(50)  1.404(7) 
C(18)-C(19)  1.359(7) C(49)-C(52)  1.498(9) 
C(19)-C(20)  1.422(7) C(56)-Cl(2)  1.705(18) 
C(20)-C(25)  1.429(7) C(56)-Cl(1)  1.776(17) 
C(20)-C(21)  1.433(7) C(57)-Cl(4)  1.702(13) 
C(21)-C(22)  1.343(8) C(57)-Cl(3)  1.828(12) 
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Table A.2.  Bond angles (°) for [(R-BINAP)(PMe3)PtI][I].   
 
Bonds Angle (°) Bonds Angle (°) 
P(2)-Pt(1)-P(1) 91.66(4) C(25)-C(20)-C(21) 119.9(5) 
P(2)-Pt(1)-P(3) 98.04(5) C(22)-C(21)-C(20) 120.0(5) 
P(1)-Pt(1)-P(3) 163.00(4) C(21)-C(22)-C(23) 120.8(5) 
P(2)-Pt(1)-I(1) 159.89(3) C(24)-C(23)-C(22) 121.6(5) 
P(1)-Pt(1)-I(1) 88.74(3) C(23)-C(24)-C(25) 119.9(5) 
P(3)-Pt(1)-I(1) 86.91(3) C(24)-C(25)-C(20) 117.8(5) 
C(1)-P(1)-C(9) 108.3(2) C(24)-C(25)-C(26) 123.4(5) 
C(1)-P(1)-C(17) 102.4(2) C(20)-C(25)-C(26) 118.8(4) 
C(9)-P(1)-C(17) 106.2(2) C(17)-C(26)-C(25) 120.5(4) 
C(1)-P(1)-Pt(1) 109.88(17) C(17)-C(26)-C(27) 120.9(4) 
C(9)-P(1)-Pt(1) 117.30(16) C(25)-C(26)-C(27) 118.5(4) 
C(17)-P(1)-Pt(1) 111.57(15) C(36)-C(27)-C(28) 119.2(4) 
C(37)-P(2)-C(45) 107.6(2) C(36)-C(27)-C(26) 121.2(4) 
C(37)-P(2)-C(36) 104.7(2) C(28)-C(27)-C(26) 119.6(4) 
C(45)-P(2)-C(36) 102.2(2) C(33)-C(28)-C(29) 117.6(4) 
C(37)-P(2)-Pt(1) 120.91(15) C(33)-C(28)-C(27) 119.8(4) 
C(45)-P(2)-Pt(1) 109.91(18) C(29)-C(28)-C(27) 122.6(4) 
C(36)-P(2)-Pt(1) 109.88(16) C(30)-C(29)-C(28) 121.6(5) 
C(55)-P(3)-C(53) 102.0(3) C(29)-C(30)-C(31) 120.0(5) 
C(55)-P(3)-C(54) 103.3(3) C(32)-C(31)-C(30) 119.9(5) 
C(53)-P(3)-C(54) 104.5(3) C(31)-C(32)-C(33) 120.8(5) 
C(55)-P(3)-Pt(1) 108.3(2) C(34)-C(33)-C(32) 121.3(5) 
C(53)-P(3)-Pt(1) 117.5(2) C(34)-C(33)-C(28) 118.8(4) 
C(54)-P(3)-Pt(1) 119.0(2) C(32)-C(33)-C(28) 119.9(5) 
C(6)-C(1)-C(2) 119.8(5) C(35)-C(34)-C(33) 121.1(5) 
C(6)-C(1)-P(1) 122.9(4) C(34)-C(35)-C(36) 121.1(5) 
C(2)-C(1)-P(1) 117.1(4) C(27)-C(36)-C(35) 120.0(4) 
C(3)-C(2)-C(1) 120.4(5) C(27)-C(36)-P(2) 121.8(4) 
C(4)-C(3)-C(2) 119.0(5) C(35)-C(36)-P(2) 118.1(4) 
C(4)-C(3)-C(7) 121.2(6) C(42)-C(37)-C(38) 119.9(5) 
C(2)-C(3)-C(7) 119.8(6) C(42)-C(37)-P(2) 119.5(4) 
C(3)-C(4)-C(5) 121.5(5) C(38)-C(37)-P(2) 120.6(4) 
C(4)-C(5)-C(6) 119.8(5) C(39)-C(38)-C(37) 120.0(5) 
C(4)-C(5)-C(8) 120.1(5) C(40)-C(39)-C(38) 118.7(5) 
C(6)-C(5)-C(8) 120.2(5) C(40)-C(39)-C(43) 120.1(5) 
C(1)-C(6)-C(5) 119.5(5) C(38)-C(39)-C(43) 121.2(6) 
C(14)-C(9)-C(10) 120.3(5) C(41)-C(40)-C(39) 122.1(5) 
C(14)-C(9)-P(1) 119.1(4) C(40)-C(41)-C(42) 118.9(5) 
C(10)-C(9)-P(1) 120.5(4) C(40)-C(41)-C(44) 123.2(6) 
C(9)-C(10)-C(11) 119.8(5) C(42)-C(41)-C(44) 117.9(6) 
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C(12)-C(11)-C(10) 118.3(5) C(41)-C(42)-C(37) 120.3(5) 
C(12)-C(11)-C(15) 122.1(5) C(50)-C(45)-C(46) 120.1(5) 
C(10)-C(11)-C(15) 119.6(5) C(50)-C(45)-P(2) 117.2(4) 
C(11)-C(12)-C(13) 122.7(5) C(46)-C(45)-P(2) 122.6(4) 
C(14)-C(13)-C(12) 117.8(5) C(47)-C(46)-C(45) 120.4(6) 
C(14)-C(13)-C(16) 121.8(5) C(48)-C(47)-C(46) 117.9(6) 
C(12)-C(13)-C(16) 120.2(5) C(48)-C(47)-C(51) 121.2(5) 
C(9)-C(14)-C(13) 121.1(5) C(46)-C(47)-C(51) 120.8(6) 
C(26)-C(17)-C(18) 119.7(4) C(47)-C(48)-C(49) 123.5(5) 
C(26)-C(17)-P(1) 121.3(4) C(48)-C(49)-C(50) 117.6(6) 
C(18)-C(17)-P(1) 118.6(4) C(48)-C(49)-C(52) 122.2(5) 
C(19)-C(18)-C(17) 120.7(4) C(50)-C(49)-C(52) 120.2(6) 
C(18)-C(19)-C(20) 121.1(4) C(45)-C(50)-C(49) 120.5(5) 
C(19)-C(20)-C(25) 119.0(4) Cl(2)-C(56)-Cl(1) 114.1(5) 
C(19)-C(20)-C(21) 121.0(5) Cl(4)-C(57)-Cl(3) 115.2(7) 
 
Table A.3.  Torsion Angles (°) for [(R-BINAP)(PMe3)PtI][I].   
 
Bonds Angle (°) Bonds Angle (°) 
P(2)-Pt(1)-P(1)-C(1) -150.16(17) C(21)-C(20)-C(25)-C(24) -2.3(7) 
P(3)-Pt(1)-P(1)-C(1) -25.2(3) C(19)-C(20)-C(25)-C(26) -2.8(7) 
I(1)-Pt(1)-P(1)-C(1) 49.95(17) C(21)-C(20)-C(25)-C(26) 177.7(5) 
P(2)-Pt(1)-P(1)-C(9) 85.58(18) C(18)-C(17)-C(26)-C(25) -0.5(7) 
P(3)-Pt(1)-P(1)-C(9) -149.5(2) P(1)-C(17)-C(26)-C(25) -174.2(4) 
I(1)-Pt(1)-P(1)-C(9) -74.31(17) C(18)-C(17)-C(26)-C(27) 178.3(4) 
P(2)-Pt(1)-P(1)-C(17) -37.26(17) P(1)-C(17)-C(26)-C(27) 4.6(6) 
P(3)-Pt(1)-P(1)-C(17) 87.7(2) C(24)-C(25)-C(26)-C(17) -177.4(5) 
I(1)-Pt(1)-P(1)-C(17) 162.85(17) C(20)-C(25)-C(26)-C(17) 2.6(7) 
P(1)-Pt(1)-P(2)-C(37) 80.4(2) C(24)-C(25)-C(26)-C(27) 3.8(7) 
P(3)-Pt(1)-P(2)-C(37) -85.6(2) C(20)-C(25)-C(26)-C(27) -176.3(4) 
I(1)-Pt(1)-P(2)-C(37) 171.2(2) C(17)-C(26)-C(27)-C(36) -70.3(6) 
P(1)-Pt(1)-P(2)-C(45) -153.43(17) C(25)-C(26)-C(27)-C(36) 108.6(5) 
P(3)-Pt(1)-P(2)-C(45) 40.57(18) C(17)-C(26)-C(27)-C(28) 109.2(5) 
I(1)-Pt(1)-P(2)-C(45) -62.6(2) C(25)-C(26)-C(27)-C(28) -72.0(6) 
P(1)-Pt(1)-P(2)-C(36) -41.76(18) C(36)-C(27)-C(28)-C(33) 1.4(7) 
P(3)-Pt(1)-P(2)-C(36) 152.25(18) C(26)-C(27)-C(28)-C(33) -178.1(4) 
I(1)-Pt(1)-P(2)-C(36) 49.1(2) C(36)-C(27)-C(28)-C(29) -180.0(5) 
P(2)-Pt(1)-P(3)-C(55) 139.1(3) C(26)-C(27)-C(28)-C(29) 0.5(7) 
P(1)-Pt(1)-P(3)-C(55) 15.0(3) C(33)-C(28)-C(29)-C(30) 1.0(7) 
I(1)-Pt(1)-P(3)-C(55) -60.5(3) C(27)-C(28)-C(29)-C(30) -177.7(5) 
P(2)-Pt(1)-P(3)-C(53) 24.4(2) C(28)-C(29)-C(30)-C(31) 0.8(8) 
P(1)-Pt(1)-P(3)-C(53) -99.8(3) C(29)-C(30)-C(31)-C(32) -1.6(8) 
I(1)-Pt(1)-P(3)-C(53) -175.2(2) C(30)-C(31)-C(32)-C(33) 0.3(8) 
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P(2)-Pt(1)-P(3)-C(54) -103.3(2) C(31)-C(32)-C(33)-C(34) -179.0(5) 
P(1)-Pt(1)-P(3)-C(54) 132.5(3) C(31)-C(32)-C(33)-C(28) 1.6(8) 
I(1)-Pt(1)-P(3)-C(54) 57.1(2) C(29)-C(28)-C(33)-C(34) 178.3(5) 
C(9)-P(1)-C(1)-C(6) -17.3(5) C(27)-C(28)-C(33)-C(34) -3.0(7) 
C(17)-P(1)-C(1)-C(6) 94.7(4) C(29)-C(28)-C(33)-C(32) -2.2(7) 
Pt(1)-P(1)-C(1)-C(6) -146.6(4) C(27)-C(28)-C(33)-C(32) 176.5(5) 
C(9)-P(1)-C(1)-C(2) 168.5(4) C(32)-C(33)-C(34)-C(35) -176.7(5) 
C(17)-P(1)-C(1)-C(2) -79.5(4) C(28)-C(33)-C(34)-C(35) 2.7(8) 
Pt(1)-P(1)-C(1)-C(2) 39.2(4) C(33)-C(34)-C(35)-C(36) -0.9(9) 
C(6)-C(1)-C(2)-C(3) -1.9(8) C(28)-C(27)-C(36)-C(35) 0.5(7) 
P(1)-C(1)-C(2)-C(3) 172.5(4) C(26)-C(27)-C(36)-C(35) 180.0(5) 
C(1)-C(2)-C(3)-C(4) 1.1(9) C(28)-C(27)-C(36)-P(2) -174.9(4) 
C(1)-C(2)-C(3)-C(7) -177.6(6) C(26)-C(27)-C(36)-P(2) 4.6(7) 
C(2)-C(3)-C(4)-C(5) 1.0(9) C(34)-C(35)-C(36)-C(27) -0.8(8) 
C(7)-C(3)-C(4)-C(5) 179.7(6) C(34)-C(35)-C(36)-P(2) 174.8(4) 
C(3)-C(4)-C(5)-C(6) -2.4(8) C(37)-P(2)-C(36)-C(27) -51.4(5) 
C(3)-C(4)-C(5)-C(8) 178.0(5) C(45)-P(2)-C(36)-C(27) -163.5(4) 
C(2)-C(1)-C(6)-C(5) 0.5(7) Pt(1)-P(2)-C(36)-C(27) 79.9(4) 
P(1)-C(1)-C(6)-C(5) -173.5(4) C(37)-P(2)-C(36)-C(35) 133.1(4) 
C(4)-C(5)-C(6)-C(1) 1.6(7) C(45)-P(2)-C(36)-C(35) 21.0(5) 
C(8)-C(5)-C(6)-C(1) -178.8(5) Pt(1)-P(2)-C(36)-C(35) -95.6(4) 
C(1)-P(1)-C(9)-C(14) -120.8(4) C(45)-P(2)-C(37)-C(42) 61.1(5) 
C(17)-P(1)-C(9)-C(14) 129.7(4) C(36)-P(2)-C(37)-C(42) -47.1(5) 
Pt(1)-P(1)-C(9)-C(14) 4.2(5) Pt(1)-P(2)-C(37)-C(42) -171.6(3) 
C(1)-P(1)-C(9)-C(10) 63.3(4) C(45)-P(2)-C(37)-C(38) -119.6(4) 
C(17)-P(1)-C(9)-C(10) -46.1(4) C(36)-P(2)-C(37)-C(38) 132.3(4) 
Pt(1)-P(1)-C(9)-C(10) -171.7(3) Pt(1)-P(2)-C(37)-C(38) 7.7(5) 
C(14)-C(9)-C(10)-C(11) 0.9(7) C(42)-C(37)-C(38)-C(39) 2.2(7) 
P(1)-C(9)-C(10)-C(11) 176.7(4) P(2)-C(37)-C(38)-C(39) -177.2(4) 
C(9)-C(10)-C(11)-C(12) -2.2(7) C(37)-C(38)-C(39)-C(40) -3.8(7) 
C(9)-C(10)-C(11)-C(15) 179.1(5) C(37)-C(38)-C(39)-C(43) 174.7(5) 
C(10)-C(11)-C(12)-C(13) 2.1(8) C(38)-C(39)-C(40)-C(41) 1.9(8) 
C(15)-C(11)-C(12)-C(13) -179.3(5) C(43)-C(39)-C(40)-C(41) -176.6(6) 
C(11)-C(12)-C(13)-C(14) -0.5(8) C(39)-C(40)-C(41)-C(42) 1.7(9) 
C(11)-C(12)-C(13)-C(16) -176.9(5) C(39)-C(40)-C(41)-C(44) 179.8(5) 
C(10)-C(9)-C(14)-C(13) 0.8(7) C(40)-C(41)-C(42)-C(37) -3.4(8) 
P(1)-C(9)-C(14)-C(13) -175.1(4) C(44)-C(41)-C(42)-C(37) 178.4(5) 
C(12)-C(13)-C(14)-C(9) -1.0(8) C(38)-C(37)-C(42)-C(41) 1.5(8) 
C(16)-C(13)-C(14)-C(9) 175.4(5) P(2)-C(37)-C(42)-C(41) -179.2(4) 
C(1)-P(1)-C(17)-C(26) -166.3(4) C(37)-P(2)-C(45)-C(50) 167.6(4) 
C(9)-P(1)-C(17)-C(26) -52.7(4) C(36)-P(2)-C(45)-C(50) -82.4(4) 
Pt(1)-P(1)-C(17)-C(26) 76.2(4) Pt(1)-P(2)-C(45)-C(50) 34.2(4) 
C(1)-P(1)-C(17)-C(18) 19.9(4) C(37)-P(2)-C(45)-C(46) -16.8(5) 
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C(9)-P(1)-C(17)-C(18) 133.5(4) C(36)-P(2)-C(45)-C(46) 93.2(4) 
Pt(1)-P(1)-C(17)-C(18) -97.5(4) Pt(1)-P(2)-C(45)-C(46) -150.2(4) 
C(26)-C(17)-C(18)-C(19) -1.4(7) C(50)-C(45)-C(46)-C(47) 1.0(7) 
P(1)-C(17)-C(18)-C(19) 172.5(4) P(2)-C(45)-C(46)-C(47) -174.4(4) 
C(17)-C(18)-C(19)-C(20) 1.1(7) C(45)-C(46)-C(47)-C(48) -1.4(8) 
C(18)-C(19)-C(20)-C(25) 1.0(8) C(45)-C(46)-C(47)-C(51) 176.2(5) 
C(18)-C(19)-C(20)-C(21) -179.5(5) C(46)-C(47)-C(48)-C(49) 1.1(8) 
C(19)-C(20)-C(21)-C(22) -176.9(5) C(51)-C(47)-C(48)-C(49) -176.5(5) 
C(25)-C(20)-C(21)-C(22) 2.5(8) C(47)-C(48)-C(49)-C(50) -0.4(8) 
C(20)-C(21)-C(22)-C(23) -1.0(8) C(47)-C(48)-C(49)-C(52) 177.6(5) 
C(21)-C(22)-C(23)-C(24) -0.7(9) C(46)-C(45)-C(50)-C(49) -0.3(7) 
C(22)-C(23)-C(24)-C(25) 0.8(8) P(2)-C(45)-C(50)-C(49) 175.4(4) 
C(23)-C(24)-C(25)-C(20) 0.7(7) C(48)-C(49)-C(50)-C(45) 0.0(8) 
C(23)-C(24)-C(25)-C(26) -179.4(5) C(52)-C(49)-C(50)-C(45) -178.1(5) 
C(19)-C(20)-C(25)-C(24) 177.1(5) 
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Appendix B 
Crystal Structure of (BINAP)(PMe3)Pt(H)][BF4] 
(1, Chapter 3) 
 
 
  
 
Figure B.1.  ORTEP representation of [(BINAP)(PMe3)Pt(H)][BF4] .  BF4- counterion is not shown.   
Pt P3 
H 
P2 
P1 
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Table B.1.  Bond distances (Å) for [(BINAP)(PMe3)Pt(H)][BF4].   
Bond Length (Å) Bond Length (Å) 
Pt(1)-P(1)  2.2944(12) C(19)-C(20)  1.369(7) 
Pt(1)-P(3)  2.2966(12) C(20)-C(21)  1.434(7) 
Pt(1)-P(2)  2.3472(12) C(21)-C(22)  1.427(6) 
P(1)-C(7)  1.820(5) C(22)-C(23)  1.499(6) 
P(1)-C(13)  1.830(5) C(23)-C(32)  1.381(6) 
P(1)-C(1)  1.836(5) C(23)-C(24)  1.440(6) 
P(2)-C(33)  1.818(5) C(24)-C(29)  1.409(7) 
P(2)-C(39)  1.822(5) C(24)-C(25)  1.422(6) 
P(2)-C(32)  1.846(5) C(25)-C(26)  1.374(7) 
P(3)-C(46)  1.807(6) C(26)-C(27)  1.402(7) 
P(3)-C(47)  1.811(6) C(27)-C(28)  1.378(7) 
P(3)-C(45)  1.822(5) C(28)-C(29)  1.413(7) 
C(1)-C(6)  1.379(7) C(29)-C(30)  1.421(7) 
C(1)-C(2)  1.407(7) C(30)-C(31)  1.361(7) 
C(2)-C(3)  1.389(7) C(31)-C(32)  1.427(6) 
C(3)-C(4)  1.391(8) C(33)-C(34)  1.390(6) 
C(4)-C(5)  1.374(8) C(33)-C(38)  1.397(7) 
C(5)-C(6)  1.394(7) C(34)-C(35)  1.392(7) 
C(7)-C(8)  1.390(7) C(35)-C(36)  1.382(8) 
C(7)-C(12)  1.415(7) C(36)-C(37)  1.377(8) 
C(8)-C(9)  1.392(8) C(37)-C(38)  1.392(7) 
C(9)-C(10)  1.393(9) C(39)-C(44)  1.385(7) 
C(10)-C(11)  1.371(9) C(39)-C(40)  1.395(7) 
C(11)-C(12)  1.374(8) C(40)-C(41)  1.391(7) 
C(13)-C(22)  1.390(6) C(41)-C(42)  1.379(8) 
C(13)-C(14)  1.431(7) C(42)-C(43)  1.395(8) 
C(14)-C(15)  1.355(7) C(43)-C(44)  1.390(7) 
C(15)-C(16)  1.415(7) B(1)-F(2)  1.215(9) 
C(16)-C(17)  1.411(7) B(1)-F(3)  1.280(10) 
C(16)-C(21)  1.423(7) B(1)-F(4)  1.322(10) 
C(17)-C(18)  1.366(8) B(1)-F(1)  1.329(9) 
C(18)-C(19)  1.407(8) 
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Table B.2.  Bond angles (°) for [(BINAP)(PMe3)Pt(H)][BF4].   
Bonds Angle (°) Bonds Angle (°) 
P(1)-Pt(1)-P(3) 164.53(5) C(19)-C(20)-C(21) 120.6(5) 
P(1)-Pt(1)-P(2) 92.17(4) C(16)-C(21)-C(22) 119.7(4) 
P(3)-Pt(1)-P(2) 101.45(4) C(16)-C(21)-C(20) 118.3(4) 
C(7)-P(1)-C(13) 110.4(2) C(22)-C(21)-C(20) 122.0(4) 
C(7)-P(1)-C(1) 102.0(2) C(13)-C(22)-C(21) 120.1(4) 
C(13)-P(1)-C(1) 103.9(2) C(13)-C(22)-C(23) 120.7(4) 
C(7)-P(1)-Pt(1) 114.45(16) C(21)-C(22)-C(23) 119.2(4) 
C(13)-P(1)-Pt(1) 107.26(14) C(32)-C(23)-C(24) 119.9(4) 
C(1)-P(1)-Pt(1) 118.29(16) C(32)-C(23)-C(22) 121.2(4) 
C(33)-P(2)-C(39) 105.7(2) C(24)-C(23)-C(22) 118.8(4) 
C(33)-P(2)-C(32) 106.6(2) C(29)-C(24)-C(25) 119.1(4) 
C(39)-P(2)-C(32) 103.7(2) C(29)-C(24)-C(23) 119.2(4) 
C(33)-P(2)-Pt(1) 115.14(15) C(25)-C(24)-C(23) 121.6(4) 
C(39)-P(2)-Pt(1) 111.66(15) C(26)-C(25)-C(24) 120.9(5) 
C(32)-P(2)-Pt(1) 113.11(14) C(25)-C(26)-C(27) 119.9(5) 
C(46)-P(3)-C(47) 104.4(3) C(28)-C(27)-C(26) 120.3(5) 
C(46)-P(3)-C(45) 102.1(3) C(27)-C(28)-C(29) 120.9(5) 
C(47)-P(3)-C(45) 104.2(3) C(24)-C(29)-C(28) 118.8(4) 
C(46)-P(3)-Pt(1) 109.7(2) C(24)-C(29)-C(30) 119.2(4) 
C(47)-P(3)-Pt(1) 114.17(19) C(28)-C(29)-C(30) 121.9(5) 
C(45)-P(3)-Pt(1) 120.60(18) C(31)-C(30)-C(29) 121.2(4) 
C(6)-C(1)-C(2) 118.9(4) C(30)-C(31)-C(32) 120.3(4) 
C(6)-C(1)-P(1) 120.6(4) C(23)-C(32)-C(31) 120.0(4) 
C(2)-C(1)-P(1) 120.3(4) C(23)-C(32)-P(2) 121.2(3) 
C(3)-C(2)-C(1) 120.1(5) C(31)-C(32)-P(2) 118.3(3) 
C(2)-C(3)-C(4) 120.1(5) C(34)-C(33)-C(38) 119.6(5) 
C(5)-C(4)-C(3) 119.6(5) C(34)-C(33)-P(2) 121.8(4) 
C(4)-C(5)-C(6) 120.7(5) C(38)-C(33)-P(2) 118.5(4) 
C(1)-C(6)-C(5) 120.5(5) C(33)-C(34)-C(35) 120.1(5) 
C(8)-C(7)-C(12) 119.3(5) C(36)-C(35)-C(34) 119.6(5) 
C(8)-C(7)-P(1) 119.0(4) C(37)-C(36)-C(35) 121.0(5) 
C(12)-C(7)-P(1) 121.6(4) C(36)-C(37)-C(38) 119.7(5) 
C(7)-C(8)-C(9) 119.9(5) C(37)-C(38)-C(33) 119.9(5) 
C(8)-C(9)-C(10) 120.3(6) C(44)-C(39)-C(40) 119.2(4) 
C(11)-C(10)-C(9) 119.5(5) C(44)-C(39)-P(2) 117.2(4) 
C(10)-C(11)-C(12) 121.6(6) C(40)-C(39)-P(2) 123.6(4) 
C(11)-C(12)-C(7) 119.4(5) C(41)-C(40)-C(39) 120.1(5) 
C(22)-C(13)-C(14) 119.1(4) C(42)-C(41)-C(40) 120.3(5) 
C(22)-C(13)-P(1) 122.5(3) C(41)-C(42)-C(43) 120.2(5) 
C(14)-C(13)-P(1) 117.8(4) C(44)-C(43)-C(42) 119.3(5) 
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C(15)-C(14)-C(13) 121.2(5) C(39)-C(44)-C(43) 121.0(5) 
C(14)-C(15)-C(16) 121.1(5) F(2)-B(1)-F(3) 104.9(11) 
C(17)-C(16)-C(15) 122.1(5) F(2)-B(1)-F(4) 117.3(9) 
C(17)-C(16)-C(21) 119.1(5) F(3)-B(1)-F(4) 98.9(7) 
C(15)-C(16)-C(21) 118.7(4) F(2)-B(1)-F(1) 111.2(8) 
C(18)-C(17)-C(16) 121.2(5) F(3)-B(1)-F(1) 114.9(9) 
C(17)-C(18)-C(19) 120.2(5) F(4)-B(1)-F(1) 109.3(7) 
C(20)-C(19)-C(18) 120.5(5) 
   
Table B.3.  Torsion angles (°) for [(BINAP)(PMe3)Pt(H)][BF4].   
Bond Angle (°) Bond Angle (°) 
P(3)-Pt(1)-P(1)-C(7) -130.2(2) P(1)-C(13)-C(22)-C(21) -173.2(3) 
P(2)-Pt(1)-P(1)-C(7) 77.84(17) C(14)-C(13)-C(22)-C(23) 176.0(4) 
P(3)-Pt(1)-P(1)-C(13) 107.0(2) P(1)-C(13)-C(22)-C(23) 5.1(6) 
P(2)-Pt(1)-P(1)-C(13) -44.96(16) C(16)-C(21)-C(22)-C(13) 1.0(6) 
P(3)-Pt(1)-P(1)-C(1) -10.0(3) C(20)-C(21)-C(22)-C(13) 179.6(4) 
P(2)-Pt(1)-P(1)-C(1) -161.95(18) C(16)-C(21)-C(22)-C(23) -177.4(4) 
P(1)-Pt(1)-P(2)-C(33) 89.95(16) C(20)-C(21)-C(22)-C(23) 1.3(6) 
P(3)-Pt(1)-P(2)-C(33) -82.70(16) C(13)-C(22)-C(23)-C(32) -73.1(6) 
P(1)-Pt(1)-P(2)-C(39) -149.54(17) C(21)-C(22)-C(23)-C(32) 105.2(5) 
P(3)-Pt(1)-P(2)-C(39) 37.81(18) C(13)-C(22)-C(23)-C(24) 104.4(5) 
P(1)-Pt(1)-P(2)-C(32) -32.96(16) C(21)-C(22)-C(23)-C(24) -77.2(5) 
P(3)-Pt(1)-P(2)-C(32) 154.40(16) C(32)-C(23)-C(24)-C(29) 2.1(6) 
P(1)-Pt(1)-P(3)-C(46) -20.4(3) C(22)-C(23)-C(24)-C(29) -175.5(4) 
P(2)-Pt(1)-P(3)-C(46) 131.0(2) C(32)-C(23)-C(24)-C(25) 178.5(4) 
P(1)-Pt(1)-P(3)-C(47) 96.4(3) C(22)-C(23)-C(24)-C(25) 0.9(6) 
P(2)-Pt(1)-P(3)-C(47) -112.3(2) C(29)-C(24)-C(25)-C(26) 1.1(7) 
P(1)-Pt(1)-P(3)-C(45) -138.4(3) C(23)-C(24)-C(25)-C(26) -175.2(4) 
P(2)-Pt(1)-P(3)-C(45) 13.0(3) C(24)-C(25)-C(26)-C(27) 0.1(7) 
C(7)-P(1)-C(1)-C(6) 98.9(4) C(25)-C(26)-C(27)-C(28) -1.0(8) 
C(13)-P(1)-C(1)-C(6) -146.4(4) C(26)-C(27)-C(28)-C(29) 0.7(8) 
Pt(1)-P(1)-C(1)-C(6) -27.6(5) C(25)-C(24)-C(29)-C(28) -1.5(7) 
C(7)-P(1)-C(1)-C(2) -76.9(4) C(23)-C(24)-C(29)-C(28) 175.0(4) 
C(13)-P(1)-C(1)-C(2) 37.8(5) C(25)-C(24)-C(29)-C(30) -179.7(4) 
Pt(1)-P(1)-C(1)-C(2) 156.6(4) C(23)-C(24)-C(29)-C(30) -3.2(6) 
C(6)-C(1)-C(2)-C(3) 2.0(8) C(27)-C(28)-C(29)-C(24) 0.6(7) 
P(1)-C(1)-C(2)-C(3) 177.8(4) C(27)-C(28)-C(29)-C(30) 178.8(5) 
C(1)-C(2)-C(3)-C(4) -1.5(8) C(24)-C(29)-C(30)-C(31) 1.4(7) 
C(2)-C(3)-C(4)-C(5) 0.9(8) C(28)-C(29)-C(30)-C(31) -176.8(5) 
C(3)-C(4)-C(5)-C(6) -0.7(8) C(29)-C(30)-C(31)-C(32) 1.7(7) 
C(2)-C(1)-C(6)-C(5) -1.7(8) C(24)-C(23)-C(32)-C(31) 1.0(6) 
P(1)-C(1)-C(6)-C(5) -177.6(4) C(22)-C(23)-C(32)-C(31) 178.5(4) 
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C(4)-C(5)-C(6)-C(1) 1.1(8) C(24)-C(23)-C(32)-P(2) -170.6(3) 
C(13)-P(1)-C(7)-C(8) 128.1(4) C(22)-C(23)-C(32)-P(2) 6.9(6) 
C(1)-P(1)-C(7)-C(8) -121.9(4) C(30)-C(31)-C(32)-C(23) -2.9(7) 
Pt(1)-P(1)-C(7)-C(8) 7.0(4) C(30)-C(31)-C(32)-P(2) 168.9(4) 
C(13)-P(1)-C(7)-C(12) -55.0(4) C(33)-P(2)-C(32)-C(23) -56.0(4) 
C(1)-P(1)-C(7)-C(12) 54.9(4) C(39)-P(2)-C(32)-C(23) -167.3(4) 
Pt(1)-P(1)-C(7)-C(12) -176.1(3) Pt(1)-P(2)-C(32)-C(23) 71.5(4) 
C(12)-C(7)-C(8)-C(9) -0.3(7) C(33)-P(2)-C(32)-C(31) 132.2(4) 
P(1)-C(7)-C(8)-C(9) 176.6(4) C(39)-P(2)-C(32)-C(31) 20.9(4) 
C(7)-C(8)-C(9)-C(10) -0.7(8) Pt(1)-P(2)-C(32)-C(31) -100.2(3) 
C(8)-C(9)-C(10)-C(11) 1.1(8) C(39)-P(2)-C(33)-C(34) 68.6(4) 
C(9)-C(10)-C(11)-C(12) -0.5(8) C(32)-P(2)-C(33)-C(34) -41.4(4) 
C(10)-C(11)-C(12)-C(7) -0.6(8) Pt(1)-P(2)-C(33)-C(34) -167.7(3) 
C(8)-C(7)-C(12)-C(11) 1.0(7) C(39)-P(2)-C(33)-C(38) -110.6(4) 
P(1)-C(7)-C(12)-C(11) -175.9(4) C(32)-P(2)-C(33)-C(38) 139.5(4) 
C(7)-P(1)-C(13)-C(22) -44.3(4) Pt(1)-P(2)-C(33)-C(38) 13.1(4) 
C(1)-P(1)-C(13)-C(22) -152.9(4) C(38)-C(33)-C(34)-C(35) 0.4(7) 
Pt(1)-P(1)-C(13)-C(22) 81.0(4) P(2)-C(33)-C(34)-C(35) -178.7(4) 
C(7)-P(1)-C(13)-C(14) 144.8(4) C(33)-C(34)-C(35)-C(36) 0.0(7) 
C(1)-P(1)-C(13)-C(14) 36.1(4) C(34)-C(35)-C(36)-C(37) -0.5(8) 
Pt(1)-P(1)-C(13)-C(14) -90.0(3) C(35)-C(36)-C(37)-C(38) 0.4(8) 
C(22)-C(13)-C(14)-C(15) 2.4(7) C(36)-C(37)-C(38)-C(33) 0.1(8) 
P(1)-C(13)-C(14)-C(15) 173.7(4) C(34)-C(33)-C(38)-C(37) -0.5(7) 
C(13)-C(14)-C(15)-C(16) -1.0(7) P(2)-C(33)-C(38)-C(37) 178.7(4) 
C(14)-C(15)-C(16)-C(17) -178.1(5) C(33)-P(2)-C(39)-C(44) 164.0(4) 
C(14)-C(15)-C(16)-C(21) -0.4(7) C(32)-P(2)-C(39)-C(44) -84.0(4) 
C(15)-C(16)-C(17)-C(18) 176.7(5) Pt(1)-P(2)-C(39)-C(44) 38.1(4) 
C(21)-C(16)-C(17)-C(18) -0.9(7) C(33)-P(2)-C(39)-C(40) -14.3(5) 
C(16)-C(17)-C(18)-C(19) 1.0(8) C(32)-P(2)-C(39)-C(40) 97.6(4) 
C(17)-C(18)-C(19)-C(20) 0.6(8) Pt(1)-P(2)-C(39)-C(40) -140.2(4) 
C(18)-C(19)-C(20)-C(21) -2.1(7) C(44)-C(39)-C(40)-C(41) -0.4(7) 
C(17)-C(16)-C(21)-C(22) 178.2(4) P(2)-C(39)-C(40)-C(41) 177.9(4) 
C(15)-C(16)-C(21)-C(22) 0.4(6) C(39)-C(40)-C(41)-C(42) 0.6(7) 
C(17)-C(16)-C(21)-C(20) -0.5(6) C(40)-C(41)-C(42)-C(43) -0.8(8) 
C(15)-C(16)-C(21)-C(20) -178.3(4) C(41)-C(42)-C(43)-C(44) 0.7(8) 
C(19)-C(20)-C(21)-C(16) 2.0(7) C(40)-C(39)-C(44)-C(43) 0.4(7) 
C(19)-C(20)-C(21)-C(22) -176.6(4) P(2)-C(39)-C(44)-C(43) -178.1(4) 
C(14)-C(13)-C(22)-C(21) -2.4(6) C(42)-C(43)-C(44)-C(39) -0.5(8) 
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Appendix C 
Crystal Structure Determination of [(BINAP)(PMe3)PtCl][BF4] 
(Chapter 3) 
 
 
 
 
 
 
 
 
Figure C.1.  ORTEP representation of [(BINAP)(PMe3)PtCl][BF4].  BF4- counterion is not shown. 
Pt 
Cl 
P3 
P2 P1 
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Table C.1.  Bond distances (Å) for [(BINAP)(PMe3)PtCl][BF4]. 
Bond Length (Å) Bond Length (Å) 
Pt(1)-P(2)  2.2473(10) C(18)-C(19)  1.395(7) 
Pt(1)-P(1)  2.3227(10) C(19)-C(20)  1.348(6) 
Pt(1)-P(3)  2.3322(11) C(20)-C(21)  1.423(6) 
Pt(1)-Cl(1)  2.3579(12) C(21)-C(22)  1.426(5) 
P(1)-C(7)  1.808(4) C(22)-C(23)  1.497(5) 
P(1)-C(1)  1.816(4) C(23)-C(32)  1.393(5) 
P(1)-C(13)  1.839(4) C(23)-C(24)  1.442(5) 
P(2)-C(39)  1.809(4) C(24)-C(25)  1.411(5) 
P(2)-C(33)  1.832(4) C(24)-C(29)  1.417(5) 
P(2)-C(32)  1.839(4) C(25)-C(26)  1.367(5) 
P(3)-C(45)  1.800(5) C(26)-C(27)  1.402(6) 
P(3)-C(47)  1.801(5) C(27)-C(28)  1.357(6) 
P(3)-C(46)  1.808(5) C(28)-C(29)  1.415(5) 
C(1)-C(6)  1.376(6) C(29)-C(30)  1.407(6) 
C(1)-C(2)  1.396(6) C(30)-C(31)  1.358(6) 
C(2)-C(3)  1.361(6) C(31)-C(32)  1.409(5) 
C(3)-C(4)  1.379(8) C(33)-C(38)  1.393(6) 
C(4)-C(5)  1.350(8) C(33)-C(34)  1.397(6) 
C(5)-C(6)  1.404(7) C(34)-C(35)  1.384(7) 
C(7)-C(8)  1.382(6) C(35)-C(36)  1.371(8) 
C(7)-C(12)  1.387(6) C(36)-C(37)  1.372(7) 
C(8)-C(9)  1.406(7) C(37)-C(38)  1.362(6) 
C(9)-C(10)  1.367(9) C(39)-C(40)  1.385(6) 
C(10)-C(11)  1.365(8) C(39)-C(44)  1.385(5) 
C(11)-C(12)  1.371(6) C(40)-C(41)  1.380(7) 
C(13)-C(22)  1.384(5) C(41)-C(42)  1.339(7) 
C(13)-C(14)  1.410(5) C(42)-C(43)  1.373(7) 
C(14)-C(15)  1.352(6) C(43)-C(44)  1.390(6) 
C(15)-C(16)  1.405(6) B(1)-F(2)  1.293(8) 
C(16)-C(17)  1.425(6) B(1)-F(4)  1.294(10) 
C(16)-C(21)  1.432(6) B(1)-F(3)  1.379(9) 
C(17)-C(18)  1.341(7) B(1)-F(1)  1.383(9) 
 
  
102 
 
 
Table C.2.  Bond angles (°) for [(BINAP)(PMe3)PtCl][BF4]. 
Bonds Angles (°) Bonds Angles (°) 
P(2)-Pt(1)-P(1) 92.25(4) C(17)-C(18)-C(19) 120.8(5) 
P(2)-Pt(1)-P(3) 97.78(4) C(20)-C(19)-C(18) 120.6(5) 
P(1)-Pt(1)-P(3) 161.06(4) C(19)-C(20)-C(21) 121.7(5) 
P(2)-Pt(1)-Cl(1) 164.44(5) C(20)-C(21)-C(22) 123.9(4) 
P(1)-Pt(1)-Cl(1) 88.86(4) C(20)-C(21)-C(16) 117.2(4) 
P(3)-Pt(1)-Cl(1) 85.76(4) C(22)-C(21)-C(16) 118.9(4) 
C(7)-P(1)-C(1) 106.17(18) C(13)-C(22)-C(21) 120.8(4) 
C(7)-P(1)-C(13) 106.33(17) C(13)-C(22)-C(23) 120.9(3) 
C(1)-P(1)-C(13) 104.97(19) C(21)-C(22)-C(23) 118.3(3) 
C(7)-P(1)-Pt(1) 119.21(14) C(32)-C(23)-C(24) 120.2(3) 
C(1)-P(1)-Pt(1) 106.56(14) C(32)-C(23)-C(22) 121.4(3) 
C(13)-P(1)-Pt(1) 112.55(12) C(24)-C(23)-C(22) 118.4(3) 
C(39)-P(2)-C(33) 108.0(2) C(25)-C(24)-C(29) 117.7(3) 
C(39)-P(2)-C(32) 108.51(18) C(25)-C(24)-C(23) 123.0(3) 
C(33)-P(2)-C(32) 102.70(18) C(29)-C(24)-C(23) 119.2(3) 
C(39)-P(2)-Pt(1) 117.19(14) C(26)-C(25)-C(24) 121.1(4) 
C(33)-P(2)-Pt(1) 109.79(14) C(25)-C(26)-C(27) 120.7(4) 
C(32)-P(2)-Pt(1) 109.67(12) C(28)-C(27)-C(26) 119.8(4) 
C(45)-P(3)-C(47) 103.7(3) C(27)-C(28)-C(29) 120.7(4) 
C(45)-P(3)-C(46) 105.4(3) C(30)-C(29)-C(28) 121.8(4) 
C(47)-P(3)-C(46) 102.3(3) C(30)-C(29)-C(24) 118.5(4) 
C(45)-P(3)-Pt(1) 115.91(19) C(28)-C(29)-C(24) 119.8(4) 
C(47)-P(3)-Pt(1) 108.3(2) C(31)-C(30)-C(29) 121.6(4) 
C(46)-P(3)-Pt(1) 119.30(17) C(30)-C(31)-C(32) 121.7(4) 
C(6)-C(1)-C(2) 118.6(4) C(23)-C(32)-C(31) 118.7(3) 
C(6)-C(1)-P(1) 123.2(3) C(23)-C(32)-P(2) 122.2(3) 
C(2)-C(1)-P(1) 118.2(3) C(31)-C(32)-P(2) 118.7(3) 
C(3)-C(2)-C(1) 120.6(5) C(38)-C(33)-C(34) 117.8(4) 
C(2)-C(3)-C(4) 120.4(5) C(38)-C(33)-P(2) 118.2(3) 
C(5)-C(4)-C(3) 120.2(5) C(34)-C(33)-P(2) 123.9(4) 
C(4)-C(5)-C(6) 120.1(5) C(35)-C(34)-C(33) 119.9(5) 
C(1)-C(6)-C(5) 120.0(5) C(36)-C(35)-C(34) 121.0(5) 
C(8)-C(7)-C(12) 119.1(4) C(35)-C(36)-C(37) 119.1(5) 
C(8)-C(7)-P(1) 119.8(3) C(38)-C(37)-C(36) 120.9(6) 
C(12)-C(7)-P(1) 121.1(3) C(37)-C(38)-C(33) 121.2(5) 
C(7)-C(8)-C(9) 119.0(5) C(40)-C(39)-C(44) 119.4(4) 
C(10)-C(9)-C(8) 120.3(6) C(40)-C(39)-P(2) 118.5(3) 
C(11)-C(10)-C(9) 120.6(5) C(44)-C(39)-P(2) 122.1(3) 
C(10)-C(11)-C(12) 119.6(5) C(41)-C(40)-C(39) 119.7(4) 
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C(11)-C(12)-C(7) 121.3(5) C(42)-C(41)-C(40) 121.3(5) 
C(22)-C(13)-C(14) 119.0(4) C(41)-C(42)-C(43) 119.8(5) 
C(22)-C(13)-P(1) 121.2(3) C(42)-C(43)-C(44) 120.7(4) 
C(14)-C(13)-P(1) 119.7(3) C(39)-C(44)-C(43) 119.1(4) 
C(15)-C(14)-C(13) 121.3(4) F(2)-B(1)-F(4) 112.2(9) 
C(14)-C(15)-C(16) 121.9(4) F(2)-B(1)-F(3) 108.5(6) 
C(15)-C(16)-C(17) 123.1(4) F(4)-B(1)-F(3) 110.0(7) 
C(15)-C(16)-C(21) 118.2(4) F(2)-B(1)-F(1) 104.9(7) 
C(17)-C(16)-C(21) 118.7(4) F(4)-B(1)-F(1) 114.6(7) 
C(18)-C(17)-C(16) 121.0(5) F(3)-B(1)-F(1) 106.1(8) 
 
 
Table C.3.  Torsion angles (°) for [(BINAP)(PMe3)PtCl][BF4]. 
Bonds Angles (°) Bonds Angles (°) 
P(2)-Pt(1)-P(1)-C(7) -88.74(14) C(17)-C(16)-C(21)-C(20) -0.4(6) 
P(3)-Pt(1)-P(1)-C(7) 149.12(17) C(15)-C(16)-C(21)-C(22) 2.1(6) 
Cl(1)-Pt(1)-P(1)-C(7) 75.73(14) C(17)-C(16)-C(21)-C(22) -179.2(4) 
P(2)-Pt(1)-P(1)-C(1) 151.31(15) C(14)-C(13)-C(22)-C(21) -2.1(5) 
P(3)-Pt(1)-P(1)-C(1) 29.2(2) P(1)-C(13)-C(22)-C(21) 173.1(3) 
Cl(1)-Pt(1)-P(1)-C(1) -44.22(15) C(14)-C(13)-C(22)-C(23) 177.9(3) 
P(2)-Pt(1)-P(1)-C(13) 36.78(13) P(1)-C(13)-C(22)-C(23) -6.9(5) 
P(3)-Pt(1)-P(1)-C(13) -85.37(18) C(20)-C(21)-C(22)-C(13) -178.6(4) 
Cl(1)-Pt(1)-P(1)-C(13) -158.75(14) C(16)-C(21)-C(22)-C(13) 0.1(5) 
P(1)-Pt(1)-P(2)-C(39) -82.54(15) C(20)-C(21)-C(22)-C(23) 1.4(5) 
P(3)-Pt(1)-P(2)-C(39) 81.36(15) C(16)-C(21)-C(22)-C(23) -179.9(3) 
Cl(1)-Pt(1)-P(2)-C(39) -176.39(19) C(13)-C(22)-C(23)-C(32) 71.7(5) 
P(1)-Pt(1)-P(2)-C(33) 153.84(15) C(21)-C(22)-C(23)-C(32) -108.3(4) 
P(3)-Pt(1)-P(2)-C(33) -42.26(16) C(13)-C(22)-C(23)-C(24) -107.2(4) 
Cl(1)-Pt(1)-P(2)-C(33) 60.0(2) C(21)-C(22)-C(23)-C(24) 72.8(4) 
P(1)-Pt(1)-P(2)-C(32) 41.71(14) C(32)-C(23)-C(24)-C(25) 179.9(4) 
P(3)-Pt(1)-P(2)-C(32) -154.39(14) C(22)-C(23)-C(24)-C(25) -1.2(5) 
Cl(1)-Pt(1)-P(2)-C(32) -52.1(2) C(32)-C(23)-C(24)-C(29) -2.1(5) 
P(2)-Pt(1)-P(3)-C(45) 104.1(2) C(22)-C(23)-C(24)-C(29) 176.7(3) 
P(1)-Pt(1)-P(3)-C(45) -134.6(2) C(29)-C(24)-C(25)-C(26) -1.0(6) 
Cl(1)-Pt(1)-P(3)-C(45) -60.7(2) C(23)-C(24)-C(25)-C(26) 176.9(4) 
P(2)-Pt(1)-P(3)-C(47) -140.0(2) C(24)-C(25)-C(26)-C(27) 2.2(6) 
P(1)-Pt(1)-P(3)-C(47) -18.6(3) C(25)-C(26)-C(27)-C(28) -0.8(7) 
Cl(1)-Pt(1)-P(3)-C(47) 55.3(2) C(26)-C(27)-C(28)-C(29) -1.6(7) 
P(2)-Pt(1)-P(3)-C(46) -23.6(3) C(27)-C(28)-C(29)-C(30) -177.8(5) 
P(1)-Pt(1)-P(3)-C(46) 97.8(3) C(27)-C(28)-C(29)-C(24) 2.7(7) 
Cl(1)-Pt(1)-P(3)-C(46) 171.6(3) C(25)-C(24)-C(29)-C(30) 179.2(4) 
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C(7)-P(1)-C(1)-C(6) 7.3(5) C(23)-C(24)-C(29)-C(30) 1.1(5) 
C(13)-P(1)-C(1)-C(6) -105.1(4) C(25)-C(24)-C(29)-C(28) -1.4(6) 
Pt(1)-P(1)-C(1)-C(6) 135.3(4) C(23)-C(24)-C(29)-C(28) -179.4(4) 
C(7)-P(1)-C(1)-C(2) -171.1(4) C(28)-C(29)-C(30)-C(31) -178.8(4) 
C(13)-P(1)-C(1)-C(2) 76.6(4) C(24)-C(29)-C(30)-C(31) 0.7(6) 
Pt(1)-P(1)-C(1)-C(2) -43.0(4) C(29)-C(30)-C(31)-C(32) -1.5(7) 
C(6)-C(1)-C(2)-C(3) 0.7(8) C(24)-C(23)-C(32)-C(31) 1.4(5) 
P(1)-C(1)-C(2)-C(3) 179.1(5) C(22)-C(23)-C(32)-C(31) -177.5(3) 
C(1)-C(2)-C(3)-C(4) -1.8(10) C(24)-C(23)-C(32)-P(2) 174.0(3) 
C(2)-C(3)-C(4)-C(5) 2.7(11) C(22)-C(23)-C(32)-P(2) -4.9(5) 
C(3)-C(4)-C(5)-C(6) -2.6(11) C(30)-C(31)-C(32)-C(23) 0.5(6) 
C(2)-C(1)-C(6)-C(5) -0.6(8) C(30)-C(31)-C(32)-P(2) -172.4(3) 
P(1)-C(1)-C(6)-C(5) -178.9(4) C(39)-P(2)-C(32)-C(23) 49.9(4) 
C(4)-C(5)-C(6)-C(1) 1.5(9) C(33)-P(2)-C(32)-C(23) 164.0(3) 
C(1)-P(1)-C(7)-C(8) 109.2(3) Pt(1)-P(2)-C(32)-C(23) -79.3(3) 
C(13)-P(1)-C(7)-C(8) -139.4(3) C(39)-P(2)-C(32)-C(31) -137.5(3) 
Pt(1)-P(1)-C(7)-C(8) -10.9(4) C(33)-P(2)-C(32)-C(31) -23.4(4) 
C(1)-P(1)-C(7)-C(12) -69.9(4) Pt(1)-P(2)-C(32)-C(31) 93.3(3) 
C(13)-P(1)-C(7)-C(12) 41.5(4) C(39)-P(2)-C(33)-C(38) -166.1(3) 
Pt(1)-P(1)-C(7)-C(12) 170.0(3) C(32)-P(2)-C(33)-C(38) 79.4(4) 
C(12)-C(7)-C(8)-C(9) 2.1(6) Pt(1)-P(2)-C(33)-C(38) -37.2(4) 
P(1)-C(7)-C(8)-C(9) -177.0(3) C(39)-P(2)-C(33)-C(34) 14.9(4) 
C(7)-C(8)-C(9)-C(10) -1.1(7) C(32)-P(2)-C(33)-C(34) -99.6(4) 
C(8)-C(9)-C(10)-C(11) -0.3(9) Pt(1)-P(2)-C(33)-C(34) 143.8(3) 
C(9)-C(10)-C(11)-C(12) 0.6(8) C(38)-C(33)-C(34)-C(35) 0.0(7) 
C(10)-C(11)-C(12)-C(7) 0.5(7) P(2)-C(33)-C(34)-C(35) 179.0(4) 
C(8)-C(7)-C(12)-C(11) -1.8(6) C(33)-C(34)-C(35)-C(36) -0.7(8) 
P(1)-C(7)-C(12)-C(11) 177.3(3) C(34)-C(35)-C(36)-C(37) 0.8(9) 
C(7)-P(1)-C(13)-C(22) 58.6(3) C(35)-C(36)-C(37)-C(38) -0.2(8) 
C(1)-P(1)-C(13)-C(22) 170.8(3) C(36)-C(37)-C(38)-C(33) -0.5(7) 
Pt(1)-P(1)-C(13)-C(22) -73.7(3) C(34)-C(33)-C(38)-C(37) 0.6(7) 
C(7)-P(1)-C(13)-C(14) -126.2(3) P(2)-C(33)-C(38)-C(37) -178.4(4) 
C(1)-P(1)-C(13)-C(14) -14.0(4) C(33)-P(2)-C(39)-C(40) 117.4(3) 
Pt(1)-P(1)-C(13)-C(14) 101.5(3) C(32)-P(2)-C(39)-C(40) -132.0(3) 
C(22)-C(13)-C(14)-C(15) 2.0(6) Pt(1)-P(2)-C(39)-C(40) -7.1(4) 
P(1)-C(13)-C(14)-C(15) -173.3(3) C(33)-P(2)-C(39)-C(44) -64.0(4) 
C(13)-C(14)-C(15)-C(16) 0.2(7) C(32)-P(2)-C(39)-C(44) 46.6(4) 
C(14)-C(15)-C(16)-C(17) 179.1(4) Pt(1)-P(2)-C(39)-C(44) 171.5(3) 
C(14)-C(15)-C(16)-C(21) -2.2(6) C(44)-C(39)-C(40)-C(41) 0.9(7) 
C(15)-C(16)-C(17)-C(18) 179.9(4) P(2)-C(39)-C(40)-C(41) 179.5(4) 
C(21)-C(16)-C(17)-C(18) 1.2(7) C(39)-C(40)-C(41)-C(42) -0.7(8) 
C(16)-C(17)-C(18)-C(19) -0.8(8) C(40)-C(41)-C(42)-C(43) 1.0(8) 
C(17)-C(18)-C(19)-C(20) -0.4(8) C(41)-C(42)-C(43)-C(44) -1.5(8) 
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C(18)-C(19)-C(20)-C(21) 1.2(7) C(40)-C(39)-C(44)-C(43) -1.4(6) 
C(19)-C(20)-C(21)-C(22) 178.0(4) P(2)-C(39)-C(44)-C(43) -180.0(3) 
C(19)-C(20)-C(21)-C(16) -0.7(6) C(42)-C(43)-C(44)-C(39) 1.7(7) 
C(15)-C(16)-C(21)-C(20) -179.2(4) 
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Appendix D 
Crystal Structure Determination of 3a (Chapter 4) 
 
 
 
  
 
Figure D.1.  ORTEP representation of the X-ray structure of 4.  BF4- anion has been removed 
for clarity.   
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Table D.1.  Bond distances (Å) for 3a. 
Bond Length (Å) Bond Length (Å) 
Pt(1)-C(1)  2.141(6) C(17)-C(18)  1.399(8) 
Pt(1)-P(1)  2.1978(15) C(18)-C(19)  1.377(9) 
Pt(1)-P(2)  2.3219(15) C(19)-C(20)  1.383(10) 
Pt(1)-Cl(1)  2.3798(15) C(20)-C(21)  1.379(10) 
P(1)-C(17)  1.823(6) C(21)-C(22)  1.392(9) 
P(1)-C(23)  1.825(6) C(23)-C(24)  1.390(8) 
P(1)-C(29)  1.826(6) C(23)-C(28)  1.396(9) 
P(2)-C(37)  1.824(7) C(24)-C(25)  1.397(9) 
P(2)-C(31)  1.826(6) C(25)-C(26)  1.386(10) 
P(2)-C(30)  1.844(6) C(26)-C(27)  1.383(10) 
C(1)-C(14)  1.475(10) C(27)-C(28)  1.386(9) 
C(1)-C(2)  1.534(8) C(29)-C(30)  1.537(8) 
C(2)-C(3)  1.544(8) C(31)-C(36)  1.393(8) 
C(3)-C(12)  1.493(9) C(31)-C(32)  1.400(9) 
C(3)-C(4)  1.522(8) C(32)-C(33)  1.380(11) 
C(4)-C(5)  1.520(8) C(33)-C(34)  1.374(10) 
C(5)-C(6)  1.389(9) C(34)-C(35)  1.367(9) 
C(5)-C(10)  1.398(9) C(35)-C(36)  1.389(8) 
C(6)-C(7)  1.394(9) C(37)-C(38)  1.409(13) 
C(7)-C(8)  1.383(11) C(37)-C(42)  1.430(13) 
C(8)-C(9)  1.362(11) C(38)-C(39)  1.364(15) 
C(9)-C(10)  1.397(9) C(39)-C(40)  1.333(16) 
C(10)-O(16)  1.370(8) C(40)-C(41)  1.405(16) 
C(12)-O(16)  1.460(8) C(41)-C(42)  1.420(14) 
C(12)-C(13)  1.527(9) C(44)-C(45)  1.377(17) 
C(12)-C(15)  1.551(10) C(45)-C(46)  1.338(19) 
C(13)-C(14)  1.540(10) C(46)-C(47)  1.402(19) 
C(17)-C(22)  1.388(8) C(47)-C(48)  1.417(17) 
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Table D.2.  Bond angles (°) for 3a. 
Bonds Angles (°) Bonds Angles (°) 
C(1)-Pt(1)-P(1) 87.6(2) C(13)-C(12)-C(15) 114.1(7) 
C(1)-Pt(1)-P(2) 172.4(2) C(12)-C(13)-C(14) 110.6(6) 
P(1)-Pt(1)-P(2) 85.94(5) C(1)-C(14)-C(13) 111.9(6) 
C(1)-Pt(1)-Cl(1) 90.4(2) C(10)-O(16)-C(12) 116.1(5) 
P(1)-Pt(1)-Cl(1) 176.26(6) C(22)-C(17)-C(18) 118.9(6) 
P(2)-Pt(1)-Cl(1) 96.27(6) C(22)-C(17)-P(1) 123.9(5) 
C(17)-P(1)-C(23) 107.7(3) C(18)-C(17)-P(1) 117.1(5) 
C(17)-P(1)-C(29) 102.7(3) C(19)-C(18)-C(17) 120.6(6) 
C(23)-P(1)-C(29) 105.8(3) C(18)-C(19)-C(20) 120.1(6) 
C(17)-P(1)-Pt(1) 118.3(2) C(21)-C(20)-C(19) 120.0(6) 
C(23)-P(1)-Pt(1) 111.9(2) C(20)-C(21)-C(22) 120.2(6) 
C(29)-P(1)-Pt(1) 109.3(2) C(17)-C(22)-C(21) 120.1(6) 
C(37)-P(2)-C(31) 107.9(3) C(24)-C(23)-C(28) 118.7(5) 
C(37)-P(2)-C(30) 107.2(3) C(24)-C(23)-P(1) 122.8(5) 
C(31)-P(2)-C(30) 101.4(3) C(28)-C(23)-P(1) 118.4(4) 
C(37)-P(2)-Pt(1) 108.3(2) C(23)-C(24)-C(25) 120.0(6) 
C(31)-P(2)-Pt(1) 123.8(2) C(26)-C(25)-C(24) 120.5(6) 
C(30)-P(2)-Pt(1) 107.1(2) C(27)-C(26)-C(25) 119.8(6) 
C(14)-C(1)-C(2) 113.0(6) C(26)-C(27)-C(28) 119.8(7) 
C(14)-C(1)-Pt(1) 112.5(5) C(27)-C(28)-C(23) 121.1(6) 
C(2)-C(1)-Pt(1) 111.8(4) C(30)-C(29)-P(1) 109.3(4) 
C(1)-C(2)-C(3) 111.1(5) C(29)-C(30)-P(2) 109.6(4) 
C(12)-C(3)-C(4) 111.2(5) C(36)-C(31)-C(32) 117.8(6) 
C(12)-C(3)-C(2) 113.2(6) C(36)-C(31)-P(2) 119.5(5) 
C(4)-C(3)-C(2) 113.8(5) C(32)-C(31)-P(2) 122.6(5) 
C(5)-C(4)-C(3) 110.9(5) C(33)-C(32)-C(31) 120.8(6) 
C(6)-C(5)-C(10) 117.6(6) C(34)-C(33)-C(32) 120.7(7) 
C(6)-C(5)-C(4) 122.1(6) C(35)-C(34)-C(33) 119.5(6) 
C(10)-C(5)-C(4) 120.2(5) C(34)-C(35)-C(36) 120.8(6) 
C(5)-C(6)-C(7) 120.6(7) C(35)-C(36)-C(31) 120.5(6) 
C(8)-C(7)-C(6) 120.6(7) C(38)-C(37)-C(42) 115.3(8) 
C(9)-C(8)-C(7) 119.7(7) C(38)-C(37)-P(2) 127.8(7) 
C(8)-C(9)-C(10) 120.1(7) C(42)-C(37)-P(2) 115.3(7) 
O(16)-C(10)-C(9) 115.6(6) C(39)-C(38)-C(37) 122.7(11) 
O(16)-C(10)-C(5) 123.1(5) C(40)-C(39)-C(38) 121.8(12) 
C(9)-C(10)-C(5) 121.3(6) C(39)-C(40)-C(41) 120.6(12) 
O(16)-C(12)-C(3) 109.6(6) C(40)-C(41)-C(42) 118.3(12) 
O(16)-C(12)-C(13) 102.3(5) C(41)-C(42)-C(37) 121.2(11) 
C(3)-C(12)-C(13) 109.2(6) C(46)-C(45)-C(44) 116.7(15) 
O(16)-C(12)-C(15) 109.6(6) C(45)-C(46)-C(47) 123.2(14) 
C(3)-C(12)-C(15) 111.6(6) C(46)-C(47)-C(48) 119.9(15) 
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Table D.3.  Torsion Angles (°) for 3a.  
Bonds Angles (°) Bonds Angles (°) 
C(1)-Pt(1)-P(1)-C(17) 41.6(3) C(23)-P(1)-C(17)-C(18) -173.3(5) 
P(2)-Pt(1)-P(1)-C(17) -134.3(2) C(29)-P(1)-C(17)-C(18) -61.9(5) 
Cl(1)-Pt(1)-P(1)-C(17) 99.3(9) Pt(1)-P(1)-C(17)-C(18) 58.5(5) 
C(1)-Pt(1)-P(1)-C(23) -84.5(3) C(22)-C(17)-C(18)-C(19) -2.4(10) 
P(2)-Pt(1)-P(1)-C(23) 99.5(2) P(1)-C(17)-C(18)-C(19) 177.9(5) 
Cl(1)-Pt(1)-P(1)-C(23) -26.9(9) C(17)-C(18)-C(19)-C(20) 0.5(11) 
C(1)-Pt(1)-P(1)-C(29) 158.6(3) C(18)-C(19)-C(20)-C(21) 1.4(11) 
P(2)-Pt(1)-P(1)-C(29) -17.3(2) C(19)-C(20)-C(21)-C(22) -1.3(10) 
Cl(1)-Pt(1)-P(1)-C(29) -143.7(8) C(18)-C(17)-C(22)-C(21) 2.5(9) 
C(1)-Pt(1)-P(2)-C(37) 77.6(13) P(1)-C(17)-C(22)-C(21) -177.8(5) 
P(1)-Pt(1)-P(2)-C(37) 109.8(2) C(20)-C(21)-C(22)-C(17) -0.7(10) 
Cl(1)-Pt(1)-P(2)-C(37) -73.2(2) C(17)-P(1)-C(23)-C(24) 53.3(6) 
C(1)-Pt(1)-P(2)-C(31) -154.7(13) C(29)-P(1)-C(23)-C(24) -56.0(6) 
P(1)-Pt(1)-P(2)-C(31) -122.4(3) Pt(1)-P(1)-C(23)-C(24) -174.9(5) 
Cl(1)-Pt(1)-P(2)-C(31) 54.5(3) C(17)-P(1)-C(23)-C(28) -128.1(5) 
C(1)-Pt(1)-P(2)-C(30) -37.7(13) C(29)-P(1)-C(23)-C(28) 122.5(5) 
P(1)-Pt(1)-P(2)-C(30) -5.4(2) Pt(1)-P(1)-C(23)-C(28) 3.6(5) 
Cl(1)-Pt(1)-P(2)-C(30) 171.6(2) C(28)-C(23)-C(24)-C(25) 2.0(9) 
P(1)-Pt(1)-C(1)-C(14) 115.0(5) P(1)-C(23)-C(24)-C(25) -179.4(5) 
P(2)-Pt(1)-C(1)-C(14) 147.2(11) C(23)-C(24)-C(25)-C(26) -0.5(10) 
Cl(1)-Pt(1)-C(1)-C(14) -61.9(5) C(24)-C(25)-C(26)-C(27) -1.1(11) 
P(1)-Pt(1)-C(1)-C(2) -116.5(5) C(25)-C(26)-C(27)-C(28) 1.0(11) 
P(2)-Pt(1)-C(1)-C(2) -84.3(14) C(26)-C(27)-C(28)-C(23) 0.6(11) 
Cl(1)-Pt(1)-C(1)-C(2) 66.6(5) C(24)-C(23)-C(28)-C(27) -2.1(10) 
C(14)-C(1)-C(2)-C(3) -49.5(8) P(1)-C(23)-C(28)-C(27) 179.3(5) 
Pt(1)-C(1)-C(2)-C(3) -177.8(4) C(17)-P(1)-C(29)-C(30) 168.6(4) 
C(1)-C(2)-C(3)-C(12) 52.0(8) C(23)-P(1)-C(29)-C(30) -78.6(5) 
C(1)-C(2)-C(3)-C(4) -179.7(6) Pt(1)-P(1)-C(29)-C(30) 42.1(5) 
C(12)-C(3)-C(4)-C(5) -42.9(8) P(1)-C(29)-C(30)-P(2) -46.7(5) 
C(2)-C(3)-C(4)-C(5) -172.2(5) C(37)-P(2)-C(30)-C(29) -84.1(5) 
C(3)-C(4)-C(5)-C(6) -168.5(6) C(31)-P(2)-C(30)-C(29) 162.8(4) 
C(3)-C(4)-C(5)-C(10) 10.4(8) Pt(1)-P(2)-C(30)-C(29) 31.8(5) 
C(10)-C(5)-C(6)-C(7) -0.4(9) C(37)-P(2)-C(31)-C(36) 100.2(5) 
C(4)-C(5)-C(6)-C(7) 178.5(6) C(30)-P(2)-C(31)-C(36) -147.4(5) 
C(5)-C(6)-C(7)-C(8) -1.7(10) Pt(1)-P(2)-C(31)-C(36) -27.7(6) 
C(6)-C(7)-C(8)-C(9) 1.6(11) C(37)-P(2)-C(31)-C(32) -84.9(7) 
C(7)-C(8)-C(9)-C(10) 0.6(11) C(30)-P(2)-C(31)-C(32) 27.6(7) 
C(8)-C(9)-C(10)-O(16) 176.7(6) Pt(1)-P(2)-C(31)-C(32) 147.3(5) 
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C(8)-C(9)-C(10)-C(5) -2.8(10) C(36)-C(31)-C(32)-C(33) -0.1(11) 
C(6)-C(5)-C(10)-O(16) -176.8(6) P(2)-C(31)-C(32)-C(33) -175.1(6) 
C(4)-C(5)-C(10)-O(16) 4.3(9) C(31)-C(32)-C(33)-C(34) -0.4(13) 
C(6)-C(5)-C(10)-C(9) 2.6(9) C(32)-C(33)-C(34)-C(35) 0.4(12) 
C(4)-C(5)-C(10)-C(9) -176.3(6) C(33)-C(34)-C(35)-C(36) 0.1(10) 
C(4)-C(3)-C(12)-O(16) 62.4(7) C(34)-C(35)-C(36)-C(31) -0.6(9) 
C(2)-C(3)-C(12)-O(16) -168.0(5) C(32)-C(31)-C(36)-C(35) 0.5(9) 
C(4)-C(3)-C(12)-C(13) 173.7(6) P(2)-C(31)-C(36)-C(35) 175.7(5) 
C(2)-C(3)-C(12)-C(13) -56.7(8) C(31)-P(2)-C(37)-C(38) 110.6(5) 
C(4)-C(3)-C(12)-C(15) -59.3(8) C(30)-P(2)-C(37)-C(38) 2.1(6) 
C(2)-C(3)-C(12)-C(15) 70.3(7) Pt(1)-P(2)-C(37)-C(38) -113.1(5) 
O(16)-C(12)-C(13)-C(14) 174.5(6) C(31)-P(2)-C(37)-C(42) -84.2(5) 
C(3)-C(12)-C(13)-C(14) 58.3(8) C(30)-P(2)-C(37)-C(42) 167.3(4) 
C(15)-C(12)-C(13)-C(14) -67.2(8) Pt(1)-P(2)-C(37)-C(42) 52.1(4) 
C(2)-C(1)-C(14)-C(13) 52.9(9) C(42)-C(37)-C(38)-C(39) 0.01(3) 
Pt(1)-C(1)-C(14)-C(13) -179.2(5) P(2)-C(37)-C(38)-C(39) 165.2(5) 
C(12)-C(13)-C(14)-C(1) -57.4(9) C(37)-C(38)-C(39)-C(40) 0.00(3) 
C(9)-C(10)-O(16)-C(12) -164.3(6) C(38)-C(39)-C(40)-C(41) 0.00(7) 
C(5)-C(10)-O(16)-C(12) 15.1(9) C(39)-C(40)-C(41)-C(42) -0.01(9) 
C(3)-C(12)-O(16)-C(10) -48.0(7) C(40)-C(41)-C(42)-C(37) 0.02(9) 
C(13)-C(12)-O(16)-C(10) -163.8(6) C(38)-C(37)-C(42)-C(41) -0.02(7) 
C(15)-C(12)-O(16)-C(10) 74.8(7) P(2)-C(37)-C(42)-C(41) -167.1(5) 
C(23)-P(1)-C(17)-C(22) 6.9(6) C(44)-C(45)-C(46)-C(47) 9(3) 
C(29)-P(1)-C(17)-C(22) 118.4(5) C(45)-C(46)-C(47)-C(48) -5(3) 
Pt(1)-P(1)-C(17)-C(22) -121.2(5) 
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Appendix E 
Crystal Structure of [(BINAP)Pt(π-allyl)][BF4] 
(6, Chapter 4) 
 
 
 
  
 
Figure E.1.  ORTEP representation of the X-ray structure of one diastereomer of 6.  BF4 anion has 
been removed for clarity.  
C6 
C5 
C4 
P2 
P1 
Pt 
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Table E.1.  Bond distances (Å) for 6. 
Bond Length (Å) Bond Length (Å) 
Pt(1)-C(4)  2.155(7) C(31)-C(32)  1.410(10) 
Pt(1)-C(5)  2.170(7) C(31)-C(36)  1.435(9) 
Pt(1)-C(6)  2.206(7) C(32)-C(33)  1.357(10) 
Pt(1)-P(1)  2.2596(17) C(33)-C(34)  1.412(10) 
Pt(1)-P(2)  2.3037(17) C(34)-C(35)  1.367(10) 
P(1)-C(16)  1.825(7) C(35)-C(36)  1.414(9) 
P(1)-C(22)  1.827(7) C(36)-C(37)  1.438(9) 
P(1)-C(28)  1.834(7) C(37)-C(38)  1.506(9) 
P(2)-C(54)  1.817(6) C(38)-C(47)  1.378(10) 
P(2)-C(48)  1.833(7) C(38)-C(39)  1.442(10) 
P(2)-C(47)  1.839(7) C(39)-C(40)  1.410(10) 
C(1)-C(2)  1.504(14) C(39)-C(44)  1.428(10) 
C(2)-C(3)  1.518(12) C(40)-C(41)  1.373(10) 
C(3)-C(4)  1.518(11) C(41)-C(42)  1.406(11) 
C(4)-C(5)  1.426(11) C(42)-C(43)  1.369(11) 
C(5)-C(6)  1.392(10) C(43)-C(44)  1.418(10) 
C(5)-C(14)  1.534(11) C(44)-C(45)  1.408(11) 
C(6)-C(7)  1.510(10) C(45)-C(46)  1.359(10) 
C(7)-C(8)  1.512(10) C(46)-C(47)  1.446(9) 
C(8)-C(13)  1.356(11) C(48)-C(49)  1.386(11) 
C(8)-C(9)  1.418(11) C(48)-C(53)  1.399(10) 
C(9)-O(15)  1.360(9) C(49)-C(50)  1.378(12) 
C(9)-C(10)  1.407(11) C(50)-C(51)  1.382(13) 
C(10)-C(11)  1.366(13) C(51)-C(52)  1.363(13) 
C(11)-C(12)  1.359(14) C(52)-C(53)  1.395(12) 
C(12)-C(13)  1.413(13) C(54)-C(55)  1.387(10) 
C(16)-C(21)  1.392(10) C(54)-C(59)  1.394(9) 
C(16)-C(17)  1.398(10) C(55)-C(56)  1.391(10) 
C(17)-C(18)  1.385(10) C(56)-C(57)  1.381(11) 
C(18)-C(19)  1.386(12) C(57)-C(58)  1.371(10) 
C(19)-C(20)  1.369(12) C(58)-C(59)  1.389(10) 
C(20)-C(21)  1.401(10) B(1)-F(3)  1.345(11) 
C(22)-C(23)  1.393(10) B(1)-F(1)  1.373(12) 
C(22)-C(27)  1.399(10) B(1)-F(2)  1.376(11) 
C(23)-C(24)  1.376(9) B(1)-F(4)  1.407(12) 
C(24)-C(25)  1.367(11) Cl(1)-C(61)  1.43(7) 
C(25)-C(26)  1.384(11) Cl(1)-C(60)  1.737(19) 
C(26)-C(27)  1.390(10) Cl(2)-C(60)  1.81(2) 
C(28)-C(37)  1.373(9) Cl(5)-C(61)  1.49(7) 
C(28)-C(29)  1.422(9) Cl(3)-C(62)  1.804(13) 
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C(29)-C(30)  1.361(10) Cl(4)-C(62)  1.709(14) 
C(30)-C(31)  1.417(10) 
   
Table E.2.  Bond angles (°) for 6. 
Bonds Angles (°) Bonds Angles (°) 
C(4)-Pt(1)-C(5) 38.5(3) C(37)-C(28)-C(29) 119.7(6) 
C(4)-Pt(1)-C(6) 66.7(3) C(37)-C(28)-P(1) 122.7(5) 
C(5)-Pt(1)-C(6) 37.1(3) C(29)-C(28)-P(1) 115.8(5) 
C(4)-Pt(1)-P(1) 102.2(2) C(30)-C(29)-C(28) 121.1(6) 
C(5)-Pt(1)-P(1) 139.1(2) C(29)-C(30)-C(31) 121.0(6) 
C(6)-Pt(1)-P(1) 160.1(2) C(32)-C(31)-C(30) 122.3(6) 
C(4)-Pt(1)-P(2) 163.65(19) C(32)-C(31)-C(36) 119.0(6) 
C(5)-Pt(1)-P(2) 126.4(2) C(30)-C(31)-C(36) 118.7(6) 
C(6)-Pt(1)-P(2) 97.04(19) C(33)-C(32)-C(31) 121.9(6) 
P(1)-Pt(1)-P(2) 93.82(6) C(32)-C(33)-C(34) 119.4(7) 
C(16)-P(1)-C(22) 98.5(3) C(35)-C(34)-C(33) 120.7(7) 
C(16)-P(1)-C(28) 105.5(3) C(34)-C(35)-C(36) 121.3(6) 
C(22)-P(1)-C(28) 112.6(3) C(35)-C(36)-C(31) 117.7(6) 
C(16)-P(1)-Pt(1) 123.6(2) C(35)-C(36)-C(37) 123.6(6) 
C(22)-P(1)-Pt(1) 118.1(2) C(31)-C(36)-C(37) 118.7(6) 
C(28)-P(1)-Pt(1) 98.4(2) C(28)-C(37)-C(36) 120.5(6) 
C(54)-P(2)-C(48) 107.3(3) C(28)-C(37)-C(38) 121.4(6) 
C(54)-P(2)-C(47) 101.3(3) C(36)-C(37)-C(38) 118.1(6) 
C(48)-P(2)-C(47) 105.9(3) C(47)-C(38)-C(39) 121.1(6) 
C(54)-P(2)-Pt(1) 116.5(2) C(47)-C(38)-C(37) 120.8(6) 
C(48)-P(2)-Pt(1) 107.3(2) C(39)-C(38)-C(37) 118.1(6) 
C(47)-P(2)-Pt(1) 117.8(2) C(40)-C(39)-C(44) 119.0(6) 
C(1)-C(2)-C(3) 112.6(9) C(40)-C(39)-C(38) 122.5(6) 
C(2)-C(3)-C(4) 113.6(8) C(44)-C(39)-C(38) 118.3(6) 
C(5)-C(4)-C(3) 124.9(7) C(41)-C(40)-C(39) 120.8(7) 
C(5)-C(4)-Pt(1) 71.3(4) C(40)-C(41)-C(42) 120.6(8) 
C(3)-C(4)-Pt(1) 111.2(5) C(43)-C(42)-C(41) 119.8(7) 
C(6)-C(5)-C(4) 116.6(7) C(42)-C(43)-C(44) 121.4(7) 
C(6)-C(5)-C(14) 122.0(7) C(45)-C(44)-C(43) 122.2(7) 
C(4)-C(5)-C(14) 120.6(7) C(45)-C(44)-C(39) 119.4(6) 
C(6)-C(5)-Pt(1) 72.9(4) C(43)-C(44)-C(39) 118.3(7) 
C(4)-C(5)-Pt(1) 70.2(4) C(46)-C(45)-C(44) 121.5(6) 
C(14)-C(5)-Pt(1) 118.2(5) C(45)-C(46)-C(47) 120.6(7) 
C(5)-C(6)-C(7) 126.5(7) C(38)-C(47)-C(46) 118.9(6) 
C(5)-C(6)-Pt(1) 70.1(4) C(38)-C(47)-P(2) 120.9(5) 
C(7)-C(6)-Pt(1) 127.6(5) C(46)-C(47)-P(2) 120.0(5) 
C(6)-C(7)-C(8) 111.6(6) C(49)-C(48)-C(53) 118.8(7) 
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C(13)-C(8)-C(9) 117.9(8) C(49)-C(48)-P(2) 117.5(5) 
C(13)-C(8)-C(7) 122.9(7) C(53)-C(48)-P(2) 123.2(6) 
C(9)-C(8)-C(7) 119.1(7) C(50)-C(49)-C(48) 121.8(8) 
O(15)-C(9)-C(10) 121.4(8) C(49)-C(50)-C(51) 118.9(9) 
O(15)-C(9)-C(8) 117.9(7) C(52)-C(51)-C(50) 120.3(8) 
C(10)-C(9)-C(8) 120.7(8) C(51)-C(52)-C(53) 121.4(8) 
C(11)-C(10)-C(9) 119.1(9) C(52)-C(53)-C(48) 118.6(8) 
C(12)-C(11)-C(10) 121.1(9) C(55)-C(54)-C(59) 119.2(6) 
C(11)-C(12)-C(13) 120.0(9) C(55)-C(54)-P(2) 120.0(5) 
C(8)-C(13)-C(12) 121.2(9) C(59)-C(54)-P(2) 120.7(5) 
C(21)-C(16)-C(17) 119.1(6) C(54)-C(55)-C(56) 120.5(7) 
C(21)-C(16)-P(1) 122.5(5) C(57)-C(56)-C(55) 119.3(7) 
C(17)-C(16)-P(1) 117.2(5) C(58)-C(57)-C(56) 121.0(7) 
C(18)-C(17)-C(16) 120.8(8) C(57)-C(58)-C(59) 119.9(7) 
C(17)-C(18)-C(19) 119.3(8) C(58)-C(59)-C(54) 120.1(6) 
C(20)-C(19)-C(18) 121.0(7) F(3)-B(1)-F(1) 111.7(9) 
C(19)-C(20)-C(21) 120.1(8) F(3)-B(1)-F(2) 110.8(8) 
C(16)-C(21)-C(20) 119.8(7) F(1)-B(1)-F(2) 109.4(8) 
C(23)-C(22)-C(27) 119.6(6) F(3)-B(1)-F(4) 109.2(8) 
C(23)-C(22)-P(1) 117.8(5) F(1)-B(1)-F(4) 108.2(8) 
C(27)-C(22)-P(1) 122.3(5) F(2)-B(1)-F(4) 107.4(9) 
C(24)-C(23)-C(22) 119.6(7) C(61)-Cl(1)-C(60) 116(3) 
C(25)-C(24)-C(23) 121.1(7) Cl(1)-C(60)-Cl(2) 114.5(9) 
C(24)-C(25)-C(26) 120.2(7) Cl(1)-C(61)-Cl(5) 131(5) 
C(25)-C(26)-C(27) 119.9(7) Cl(4)-C(62)-Cl(3) 111.9(8) 
C(26)-C(27)-C(22) 119.6(7) 
   
Table E.3.  Torsion angles (°) for 6. 
Bonds Angles (°) Bonds Angles (°) 
C(4)-Pt(1)-P(1)-C(16) -4.1(4) C(23)-C(24)-C(25)-C(26) 0.3(11) 
C(5)-Pt(1)-P(1)-C(16) -17.3(4) C(24)-C(25)-C(26)-C(27) 1.1(10) 
C(6)-Pt(1)-P(1)-C(16) 49.6(6) C(25)-C(26)-C(27)-C(22) -1.8(10) 
P(2)-Pt(1)-P(1)-C(16) 172.7(3) C(23)-C(22)-C(27)-C(26) 1.1(9) 
C(4)-Pt(1)-P(1)-C(22) 119.7(3) P(1)-C(22)-C(27)-C(26) 174.7(5) 
C(5)-Pt(1)-P(1)-C(22) 106.4(4) C(16)-P(1)-C(28)-C(37) 146.2(6) 
C(6)-Pt(1)-P(1)-C(22) 173.4(6) C(22)-P(1)-C(28)-C(37) 39.9(7) 
P(2)-Pt(1)-P(1)-C(22) -63.6(2) Pt(1)-P(1)-C(28)-C(37) -85.3(6) 
C(4)-Pt(1)-P(1)-C(28) -119.0(3) C(16)-P(1)-C(28)-C(29) -49.1(6) 
C(5)-Pt(1)-P(1)-C(28) -132.3(4) C(22)-P(1)-C(28)-C(29) -155.5(5) 
C(6)-Pt(1)-P(1)-C(28) -65.3(6) Pt(1)-P(1)-C(28)-C(29) 79.3(5) 
P(2)-Pt(1)-P(1)-C(28) 57.7(2) C(37)-C(28)-C(29)-C(30) -4.1(10) 
C(4)-Pt(1)-P(2)-C(54) 64.1(8) P(1)-C(28)-C(29)-C(30) -169.2(6) 
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C(5)-Pt(1)-P(2)-C(54) 83.6(4) C(28)-C(29)-C(30)-C(31) -0.5(11) 
C(6)-Pt(1)-P(2)-C(54) 58.8(3) C(29)-C(30)-C(31)-C(32) -178.3(7) 
P(1)-Pt(1)-P(2)-C(54) -104.5(2) C(29)-C(30)-C(31)-C(36) 2.7(10) 
C(4)-Pt(1)-P(2)-C(48) -56.0(8) C(30)-C(31)-C(32)-C(33) -179.5(7) 
C(5)-Pt(1)-P(2)-C(48) -36.5(4) C(36)-C(31)-C(32)-C(33) -0.6(10) 
C(6)-Pt(1)-P(2)-C(48) -61.3(3) C(31)-C(32)-C(33)-C(34) 1.9(11) 
P(1)-Pt(1)-P(2)-C(48) 135.4(2) C(32)-C(33)-C(34)-C(35) -1.8(11) 
C(4)-Pt(1)-P(2)-C(47) -175.2(8) C(33)-C(34)-C(35)-C(36) 0.3(10) 
C(5)-Pt(1)-P(2)-C(47) -155.7(4) C(34)-C(35)-C(36)-C(31) 1.0(10) 
C(6)-Pt(1)-P(2)-C(47) 179.5(3) C(34)-C(35)-C(36)-C(37) 179.4(6) 
P(1)-Pt(1)-P(2)-C(47) 16.2(3) C(32)-C(31)-C(36)-C(35) -0.9(9) 
C(1)-C(2)-C(3)-C(4) -65.8(12) C(30)-C(31)-C(36)-C(35) 178.1(6) 
C(2)-C(3)-C(4)-C(5) 87.2(10) C(32)-C(31)-C(36)-C(37) -179.4(6) 
C(2)-C(3)-C(4)-Pt(1) 168.7(6) C(30)-C(31)-C(36)-C(37) -0.4(9) 
C(6)-Pt(1)-C(4)-C(5) 31.4(4) C(29)-C(28)-C(37)-C(36) 6.4(10) 
P(1)-Pt(1)-C(4)-C(5) -166.0(4) P(1)-C(28)-C(37)-C(36) 170.5(5) 
P(2)-Pt(1)-C(4)-C(5) 25.6(10) C(29)-C(28)-C(37)-C(38) -171.7(6) 
C(5)-Pt(1)-C(4)-C(3) -121.1(7) P(1)-C(28)-C(37)-C(38) -7.7(9) 
C(6)-Pt(1)-C(4)-C(3) -89.7(6) C(35)-C(36)-C(37)-C(28) 177.4(6) 
P(1)-Pt(1)-C(4)-C(3) 72.9(5) C(31)-C(36)-C(37)-C(28) -4.2(9) 
P(2)-Pt(1)-C(4)-C(3) -95.5(9) C(35)-C(36)-C(37)-C(38) -4.4(10) 
C(3)-C(4)-C(5)-C(6) 45.4(10) C(31)-C(36)-C(37)-C(38) 174.0(6) 
Pt(1)-C(4)-C(5)-C(6) -57.9(6) C(28)-C(37)-C(38)-C(47) 74.2(8) 
C(3)-C(4)-C(5)-C(14) -145.0(8) C(36)-C(37)-C(38)-C(47) -104.0(7) 
Pt(1)-C(4)-C(5)-C(14) 111.8(7) C(28)-C(37)-C(38)-C(39) -106.0(7) 
C(3)-C(4)-C(5)-Pt(1) 103.3(7) C(36)-C(37)-C(38)-C(39) 75.8(8) 
C(4)-Pt(1)-C(5)-C(6) 127.5(7) C(47)-C(38)-C(39)-C(40) -173.4(6) 
P(1)-Pt(1)-C(5)-C(6) 148.7(4) C(37)-C(38)-C(39)-C(40) 6.8(9) 
P(2)-Pt(1)-C(5)-C(6) -43.8(5) C(47)-C(38)-C(39)-C(44) 2.9(9) 
C(6)-Pt(1)-C(5)-C(4) -127.5(7) C(37)-C(38)-C(39)-C(44) -176.9(6) 
P(1)-Pt(1)-C(5)-C(4) 21.1(6) C(44)-C(39)-C(40)-C(41) -1.0(10) 
P(2)-Pt(1)-C(5)-C(4) -171.3(3) C(38)-C(39)-C(40)-C(41) 175.2(6) 
C(4)-Pt(1)-C(5)-C(14) -114.8(8) C(39)-C(40)-C(41)-C(42) 2.7(10) 
C(6)-Pt(1)-C(5)-C(14) 117.6(8) C(40)-C(41)-C(42)-C(43) -1.7(11) 
P(1)-Pt(1)-C(5)-C(14) -93.7(6) C(41)-C(42)-C(43)-C(44) -1.0(10) 
P(2)-Pt(1)-C(5)-C(14) 73.9(6) C(42)-C(43)-C(44)-C(45) -174.4(6) 
C(4)-C(5)-C(6)-C(7) 179.2(7) C(42)-C(43)-C(44)-C(39) 2.6(10) 
C(14)-C(5)-C(6)-C(7) 9.6(12) C(40)-C(39)-C(44)-C(45) 175.5(6) 
Pt(1)-C(5)-C(6)-C(7) 122.6(7) C(38)-C(39)-C(44)-C(45) -0.9(9) 
C(4)-C(5)-C(6)-Pt(1) 56.5(6) C(40)-C(39)-C(44)-C(43) -1.6(9) 
C(14)-C(5)-C(6)-Pt(1) -113.0(7) C(38)-C(39)-C(44)-C(43) -178.0(6) 
C(4)-Pt(1)-C(6)-C(5) -32.5(5) C(43)-C(44)-C(45)-C(46) 175.9(6) 
P(1)-Pt(1)-C(6)-C(5) -91.6(7) C(39)-C(44)-C(45)-C(46) -1.1(10) 
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P(2)-Pt(1)-C(6)-C(5) 145.9(5) C(44)-C(45)-C(46)-C(47) 1.1(10) 
C(4)-Pt(1)-C(6)-C(7) -153.8(7) C(39)-C(38)-C(47)-C(46) -2.9(9) 
C(5)-Pt(1)-C(6)-C(7) -121.3(9) C(37)-C(38)-C(47)-C(46) 176.9(6) 
P(1)-Pt(1)-C(6)-C(7) 147.1(5) C(39)-C(38)-C(47)-P(2) 173.7(5) 
P(2)-Pt(1)-C(6)-C(7) 24.5(7) C(37)-C(38)-C(47)-P(2) -6.5(8) 
C(5)-C(6)-C(7)-C(8) 92.4(9) C(45)-C(46)-C(47)-C(38) 0.9(9) 
Pt(1)-C(6)-C(7)-C(8) -175.6(5) C(45)-C(46)-C(47)-P(2) -175.8(5) 
C(6)-C(7)-C(8)-C(13) -114.3(8) C(54)-P(2)-C(47)-C(38) 68.3(5) 
C(6)-C(7)-C(8)-C(9) 67.9(9) C(48)-P(2)-C(47)-C(38) -179.9(5) 
C(13)-C(8)-C(9)-O(15) 179.4(7) Pt(1)-P(2)-C(47)-C(38) -60.0(5) 
C(7)-C(8)-C(9)-O(15) -2.7(10) C(54)-P(2)-C(47)-C(46) -115.2(5) 
C(13)-C(8)-C(9)-C(10) -1.4(11) C(48)-P(2)-C(47)-C(46) -3.4(6) 
C(7)-C(8)-C(9)-C(10) 176.5(7) Pt(1)-P(2)-C(47)-C(46) 116.6(5) 
O(15)-C(9)-C(10)-C(11) -179.8(8) C(54)-P(2)-C(48)-C(49) -164.2(6) 
C(8)-C(9)-C(10)-C(11) 1.1(12) C(47)-P(2)-C(48)-C(49) 88.2(7) 
C(9)-C(10)-C(11)-C(12) -0.1(14) Pt(1)-P(2)-C(48)-C(49) -38.4(7) 
C(10)-C(11)-C(12)-C(13) -0.4(15) C(54)-P(2)-C(48)-C(53) 7.8(7) 
C(9)-C(8)-C(13)-C(12) 0.9(12) C(47)-P(2)-C(48)-C(53) -99.8(6) 
C(7)-C(8)-C(13)-C(12) -176.9(7) Pt(1)-P(2)-C(48)-C(53) 133.6(6) 
C(11)-C(12)-C(13)-C(8) -0.1(14) C(53)-C(48)-C(49)-C(50) 3.7(13) 
C(22)-P(1)-C(16)-C(21) 90.8(6) P(2)-C(48)-C(49)-C(50) 176.1(8) 
C(28)-P(1)-C(16)-C(21) -25.7(6) C(48)-C(49)-C(50)-C(51) -1.3(15) 
Pt(1)-P(1)-C(16)-C(21) -137.1(5) C(49)-C(50)-C(51)-C(52) -1.2(16) 
C(22)-P(1)-C(16)-C(17) -76.7(6) C(50)-C(51)-C(52)-C(53) 1.2(16) 
C(28)-P(1)-C(16)-C(17) 166.8(5) C(51)-C(52)-C(53)-C(48) 1.3(14) 
Pt(1)-P(1)-C(16)-C(17) 55.4(6) C(49)-C(48)-C(53)-C(52) -3.6(12) 
C(21)-C(16)-C(17)-C(18) -0.6(10) P(2)-C(48)-C(53)-C(52) -175.5(6) 
P(1)-C(16)-C(17)-C(18) 167.4(6) C(48)-P(2)-C(54)-C(55) -65.2(6) 
C(16)-C(17)-C(18)-C(19) -0.3(11) C(47)-P(2)-C(54)-C(55) 45.5(6) 
C(17)-C(18)-C(19)-C(20) 1.4(12) Pt(1)-P(2)-C(54)-C(55) 174.7(5) 
C(18)-C(19)-C(20)-C(21) -1.6(12) C(48)-P(2)-C(54)-C(59) 117.2(6) 
C(17)-C(16)-C(21)-C(20) 0.4(10) C(47)-P(2)-C(54)-C(59) -132.0(6) 
P(1)-C(16)-C(21)-C(20) -166.9(6) Pt(1)-P(2)-C(54)-C(59) -2.9(6) 
C(19)-C(20)-C(21)-C(16) 0.7(11) C(59)-C(54)-C(55)-C(56) -0.2(10) 
C(16)-P(1)-C(22)-C(23) 119.1(5) P(2)-C(54)-C(55)-C(56) -177.8(6) 
C(28)-P(1)-C(22)-C(23) -130.2(5) C(54)-C(55)-C(56)-C(57) -0.1(11) 
Pt(1)-P(1)-C(22)-C(23) -16.5(6) C(55)-C(56)-C(57)-C(58) 0.1(11) 
C(16)-P(1)-C(22)-C(27) -54.6(6) C(56)-C(57)-C(58)-C(59) 0.2(11) 
C(28)-P(1)-C(22)-C(27) 56.2(6) C(57)-C(58)-C(59)-C(54) -0.5(11) 
Pt(1)-P(1)-C(22)-C(27) 169.9(4) C(55)-C(54)-C(59)-C(58) 0.5(10) 
C(27)-C(22)-C(23)-C(24) 0.2(10) P(2)-C(54)-C(59)-C(58) 178.1(5) 
P(1)-C(22)-C(23)-C(24) -173.6(5) C(61)-Cl(1)-C(60)-Cl(2) -157(3) 
C(22)-C(23)-C(24)-C(25) -0.9(10) C(60)-Cl(1)-C(61)-Cl(5) -121(5) 
117 
 
 
Appendix F 
31P NMR Chemical Shifts and Pt-P Coupling Constants for Selected  
Pt Complexes 
 
 
Table F.1.  31P NMR chemical shifts and JPt-P values for selected [(BINAP)(PMe3)Pt-L]+/+2 
complexes.a 
 
Ligand δ Pcis  (ppm)b JPt-P cis δ Ptrans (ppm)b JPt-P trans δ PMe3 (ppm)b JPt-PMe3 Solvent 
alkyl 19.7 2880 15 1700 -10 2913 CD3NO2 
H 28.56 2616 17.46 2200 -15.6 2464 CD2Cl2 
I 9.9 2290 3.7 3510 -13.9 2348 CDCl3 
Clc 20.2 2544 12.3 3623 -3.8 2357 CD2Cl2 
NCC6F5 16.4 2440 6.2 3650 -3.5 2364 CD3NO2 
acetone 21.5 2346 4.2 4020 2.1 2377 CD3NO2 
MeNO2 19.4 2329 5.8 4220 2.9 2403 MeNO2 
H2O 18.4 2364 1.6 4178 -1.7 2374 CD2Cl2 
a Counterion is BF4- unless otherwise noted.  b Externally referenced to 85% H3PO4.  c Counterion is 
Cl-. 
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Table F.2.  31P NMR chemical shifts and JPt-P values for selected (BINAP)Pt+2L1L2 complexes.a 
 
L1 L2 δ P1b JPt-P1 δ P2b JPt-P2 Solvent 
I- I- 5.4 3457 - - CDCl3 
Cl- Cl- 10.4 3608 - - CDCl3 
NCC6F5 NCC6F5 -0.8 3748 - - CD2Cl2 
MeNO2 MeNO2 0.9 4100 - - MeNO2 
alkyl- c NCC6F5c 19.5 1531 10.9 4867 CD2Cl2 
alkyl- c Cl- c 22.3 1552 18.2 4716 CD2Cl2 
Me- Cl- 23.7 1770 18.3 4432 CDCl3 
Me- NCC6F5 20.6 1783 12.8 4546 CD2Cl2 
Et- Cl- 23.1 1600 19.3 4719 CDCl3 
Et- NCC6F5 21.3 1636 14.3 4796 CD2Cl2 
π-allyl- c 24.4/17.4 3897/3746 16.7/12.4 3573/3699 CD2Cl2 
norbornyl- agostic 21.8 2853 17.2 5506 CD2Cl2 
a Counterion, if present, is BF4-.  b Externally referenced to 85% H3PO4.  c Exists as two 
overlapping diastereomers in a 1:1 ratio.  d Exists as 2 diastereomers in a 1:1 ratio. 
 
Table F.3.  31P NMR chemical shifts and JPt-P values for selected (dppe)Pt+2L1L2 complexes.a 
 
L1 L2 δ P1b JPt-P1 δ P2b JPt-P2 Solvent 
I- I- 46.0 3368 - - CDCl3 
Cl- Cl- 41.8 3524 - - CD2Cl2 
NCC6F5 NCC6F5 40.75 3613 - - CD2Cl2 
MeNO2 MeNO2 38 4037 - - MeNO2 
alkyl- NCC6F5 47.8 1483 39.8 4609 CD2Cl2 
alkyl- Cl- 42.2 1518 44.4 4485 CD2Cl2 
Me- Cl- 43.7 1725 42.9 4264 CDCl3 
Me- NCC6F5 50.6 1753 39.3 4354 CD2Cl2 
Et- Cl- 42.9 4424 42.2 1569 CD2Cl2 
Et- NCC6F5 48.9 1619 40.7 4492 CD2Cl2 
π-allyl- 48.4 3827 46.2 3688 MeNO2 
 a 
Couterion, if present, is BF4-.  b Externally referenced to 85% H3PO4. 
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Table F.4.    31P NMR chemical shifts and JPt-P values for selected (xylyl-phanephos)Pt+2L1L2 
complexes.a 
 
L1 L2 δ P1b JPt-P1 δ P2b JPt-P2 Solvent 
Cl- Cl- 23.7 3898 - - CDCl3 
I- I- 3727 3727 - - CD3NO2 
Ph2NH Ph2NH 25.4 3740 - - CD2Cl2 
NCC6F5 NCC6F5 16.95 3879 - - CD2Cl2 
MeNO2 MeNO2 27.64 3751 - - MeNO2 
alkyl- NCC6F5 33.2 1617 22.8 5128 CD2Cl2 
alkyl- Cl- 35.1 1767 32.2 4972 CD2Cl2 
Et- Cl- 36.6 1728 32.8 4964 CD2Cl2 
Et- NCC6F5 36.1 1789 26.6 4982 CD2Cl2 
H- I- 32.8 2196 27.7 4331 CD2Cl2 
H- NCC6F5 30.9 2452 17.8 4028 CD3NO2 
π-allyl- c  35.9 3834 35.2/32.7 4176/4214 CD2Cl2 a Couterion, if present, is BF4-.  b Externally referenced to 85% H3PO4.  c Exists as 2 
diastereomers in a 3:1 ratio.  The downfield diastereomeric resonances are overlapping. 
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